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CHEMISTEY. 



CHAPTER I. 

INTEODirCTIOK. 



1 . Chemistby teaches us tbe nature and properties of 
the different substances of iKrhich the earth, the air, and 
the sea, as Y/eU. as all animal and vegetable bodies, are 
composed. 

2. It also shows us the changes which these substances 
are continually undergoing; the manner in which such 
changes are produced ; and the laws by which they are 
regulated. 

3. All matter, by which is meant everything that occu- 
pies space, is composed of very minute particles or atoms, 
united together by an attractive force, termed attraction of 
cohesion. 

4. Attraction of cohesion is the power whereby particles 
of the same kind of matter are held together and united 
into a mass having Uie same properties as the particles of 
which it is formed. 

6. Thus, two drops eitbar of water, oil, or quicksilver, 
when brought into contact, will run together into one 
mass ; but, however much these three substances may be 
shaken together, they will soon separate when left at rest. 

B 



2 CHXMISTBY. 

It is through this attraction of cohesion that a drop of 
water is always spherical ; and that small particles of mer- 
cury are constantly of a globular figure. If a plate of glass 
be laid upon a globule of mercury, and loaded with weights, 
one after another, the mercury is pressed out into a thin 
layer ; but as soon as the weights are removed, its globular 
figure is restored. 

6. Matter exists in three different states, viz., solid, 
liquid, or aeri/orm. These different states, or, as they have 
been termed, physical conditions of matter, depend on 
the different degrees of cohesive force exerted between its 
particles. 

7. The force of cohesion in a substance increases in pro- 
portion as its particles are brought nearer together. 

8. The more firmly the particles of a body cohere, the 
harder it is. 

Hence, whatever brings the particles of a body closer 
together, tends to harden it. 

9. Common clay is soft, plastic, and contains much 
moisture ; but when strongly heated, most of this moisture 
18 driven out, and the particles of the clay are brought 

' into closer contact. The mass thus becomes hard, as we 
find it in bricks, tiles, and earthenware. 

10. When the particles of which a hody is composed 
cohere firmly, so as to resist impression, the body is 
said to be in a solid state. 

" The cohesive attraction which exists between the par- 
ticles of a solid body may be measured by the weight ne- 
cessary to overcome it. Thus, if a rod of metal, glass, 
wood, &c., be suspended in a perpendicular direction, and 
weights attached to its lower extremity till the rod break, 
the whole weight thus attached is the measure of the co- 
hesive force, or tenacity of the rod." 

11. When the particles of which a body is composed do 
not cohere firmly, but move freely in any direction among 
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themselyes, and hence yield to the slightest impression, 
the body is said to be in 9^ fluid state. 

12. Fluids maybe divided into elastic Kadi non-elastic 
fluids. They are also spoken of as compremble and t/i- 
compressible, 

13. Air, and all aeriform bodies, whether gases or va- 
pors, belong to the former class of elastic, compressible 
fluids. 

Note. — Aeriform means in the form qf air. 

14. Water and all other liquids belong to the class of 
incompressible, non -elastic fluids. 

15. Strictly speaking, no knovm fluid is wholly incom- 
pressible and non-elastic, but all ordinary liquids are suf- 
ficiently nearly so, for us to regard them as such, without 
any sensible error. 

16. Matter exists . in the Uquid state when its particles 
cohere slightly, but not with sufficient force to prevent them 
separating by the influence of their weight alone. 

1 7. Matter exists in an aeriform state when the particles 
composing it have a mutual repulsion, in consequence of 
which it increases in volume or bulk unless restrained by 
some external pressure. 

18. Heat is the great antagonist to cohesion. As the 
latter draws the particles of matter together, so the former 
tends to drive them asunder. Hence the increase or di- 
minution of heat is the chief cause of the difl'erent states 
in which matter exists. 

i9. When the cohesion between the particles of a body 
is strong, the body is a solid ; * when the cohesion is neu- 

* Lavoisier thus explained solidity. *' The particles of all bodies 
may be considered as subject to the action of two opposite powers 
attraction and repulsion. So long as the attractive force remains the 
stronger, the body must remain in a state of solidity; but if, on the . 
contrary, heat has so far removed these particles from each other as to 
place them beyond the sphere of attraction, they lose the coheson, 
they before had, and the body ceases to exist. in the solid state.'' 

B 2 



4 CHBjnSTBT. 

tndised, or, at least, yery considerably weakened, by the 
influence of an increased temperatare, the body becomes 
iquid ; and when by a still greater increase of heat the 
cohesion is altogether destroyed, and the particles begin to 
repel each other, the body assumes the state of gas or 
vapor. 

20. A gas is a permanently elastic fluid, not changeable 
into a liquid by the ordinary pressure and temperature of 
the atmosphere, as the air« 

21. A vapor is an elastic fluid which is changeable into 
a liquid by ordinary cold, as steam. 

22. The operation of changing the body from the aeri- 
form to the liquid state is termed condensation, * 

23. It is to be observed that although some gases are 
permanently elastic under all the circumstances in which 
they have been experimented upon, yet the application of 
unusual pressure or extreme cold to other gases,* changes 
them into the liquid and even into the solid state. 

24. Many substances are capable of appearing under all 
three forms of matter. 

Of this water affords a familiar illustration ; for it is 
solid, in the form of ice ; liquid, as water ; and in an 
aeriform state, when converted into steam, or vapor. 

25. Mercury presents another example ; it is liquid at 
ordinary temperatures, but if cooled to 39° below 0° of 
Fahrenheit's thermometer, it becomes solid ; on the other 
hand, if it be heated to 662^ it volatizes, or becomes con- 
verted into vapor. # 

26. Other bodies cannot be made to present such 
changes, and hence appear only under two tbrms. Iron, 

* If the strict distinction between a gas and a vapor, namely, that 
a gas cannot i)e condensed while a vapor can, is to be rigidly observed, 
these bodies, usually termed gases, must be termed vapors, and their 
number will probably be increased as more powerful modes of con- 
densation are discovered 
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for example, though capahle of being melted, and thus 
taking the liquid form, has never been exhibited in the 
state of vapor. Ether, on the other hand, though a liquid 
which readily evaporates, has not yet been solidified or 
frozen. 

27. It is, however, believed', that it would be possible to 
cause all substances to assume the tliree physical condi- 
tions of matter, by the action of greater heat or cold than 
can be at present produced, provided such substances are 
not destroyed,* or, more strictly speaking, decomposed by 
the increase or diminution of temperature. 

28. All bodies, whether solid, liquid, or aeriform, are 
divided by the chemist into two classes, simple and com- 
pound. 

29. Simple bodies are such as cannot be separated into 
parts having different properties. 

30. Compound bodies being made up of simple bodies, 
can be decomposed or divided into their elementary or 
component parts. 

31. "Thus brass is a compound body, and may be 
shown to consist of copper and zinc ; but neither copper 
nov zinc can be separated into any other substances : they 
may be ground, crushed, melted, dissolved, over and over 
again, but the copper can only be made to yield copper, 
and the zinc, zinc." These two metals are therefore 
termed simple bodies or elements. 

32. It is not meant to be said that all the bodies now 
called elements are really so, but only, that up to the 
present time, they have resisted every effort to decompose 
them. 



* " It is a fundamental principle of all physical knowledge, that we 
can neither create anything, nor destroy anything. We may change 
the fashion and properties of things ; but to form new laws of combi- 
nation, or new species of matter, belongs to the Cireator alone." 
— Francis. 



6 CHEHIBTBT. 

33. Fire, air, earth, and water, were for ages regarded as 
elements ; but modern science has proved the latter three 
to be compounds, and the first to be an effect of intense 
chemical action. 

34. The decomposition or taking to pieces of a com« 
pound body, in order to discover its constituent elements, 
is called Analysis, from two Greek words, ana, thoroughly, 
and lusis, a loosening. 

35. The formation of a compound by putting together 
the elements of which it is composed, is termed Synthesis, 
also from two Greek words, sun, together, and thesis, a 
placing. 

36. The elements are not all of equal importance, for 
some are found only in very minufe quantities in a few 
scarce minerals, while others are continually occurring in 
various combinations, to form, the atmosphere, and the 
ocean, together with the great rocky masses of the earth's 
crust, and the organized bodies which live upon its 
surfi^ce. 

37. By Organized bodies, we mean animals and plants, 
which live and grow by the help of what are called Organs, 
or leaves, roots, lungs, heart, stomach, &c. 

38. The products formed by these Organs, such as sap, 
sugar, starch, gum, blood, &c., are termed organic sub- 
stances ; and hence the chemistry of plants and animals is 
called Organic Chemistry, 

39. Air, water, and minerals, on the other hand, are 
neither produced, nor continued in being, by means of 
organs ; they are therefore called inorganic bodies, and the 
branch of chemistry relating to them is termed Inorganic 
Chemistry. 

EXERCISES ON CHAPTER I. 

1 . What does Chsmistry teach us ? 

2. Of what changes, &c., does it treat i 

3. Of what is matter composed ? 

4. What is, attraction of cohesion? 
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5. Give illastrations of the attraction of cohesion. 

6. Name the different states of i^fttter, and on what they depend. 

7. When does the cohesive force between the particles of a bodj 

increase ? 

8. When is one body harder than another ? 

9. Shew how clay is hardened by burning. 

10. When is a body in a 9olid state ? 

11. When is a body in ti/btid state? 

12. How may flaids be arranged ? 

13. What bodies belong to the class of eJoith fluidB ? 

14. To which class do all liquids belong ? 

15. Why is this arrangement of fluids not strictly correct? 

16. When is a body in a liquid state ? 

17. When does matter exist in an aeriform state ? 

18. How is heat the antagonist of cohesion ? ' 

19. How are the physical conditions of matter influenced by 

temperature ? 

20. What is a gas? ' 

21. Define a vapor. 

22. What is meant by condensation ? 

23. What are the chief agents in condensing aliriform bodies ? 

24. Many substances are capable of appearing, under all three con- 
ditions of matter. Give a familiar example. 

25. How does mercury illustrate the same fact ? 

26. Give examples of bodies capable of appearing under only two 
forms. 

27. What is believed in reference to bodies which appear under only 
two forms ? 

28. How are all bodies arranged by the chemist ? 

29. What is a Simple body or Element ? 

30. What is a Compound body ? 

31. Give an example of a simple and of a compound body. 

32. With what limitation is the word Element to be used P 

33. Why do we no longer regard the ancient division of matter into 
four elements ? 

34. What is Analysis ? 

35. What is Synthesis ? 

36. Why are some of the elements more important than others ? 

37. What is meant by Organized bodies ? 

38. What is Organic Chemistry ? Name some organic products. 

39. What is Inorganic Chemistry ? Why are some bodies termed 
inorganic bodies ? Give examples. 
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CHAPTER II. 



CHEMICAL KOMENCLA.TVBE, NOTATIOIT, AKB SYMBOLS. 

1. The elementary substances at present known are 
sixty-five in number, and may be conveniently arranged in 
two groups. 

2. The first group comprises thirteen substances, which 
have been termed Non-metallic elements or Metalloids. 

3. The second group includes the remaining fifty-two 
bodies which are known as Metals. Several of these are 
of very recent discovery, and their properties are as yet 
very imperfectly understood. 

4. Th« following is an alphabetical list of the elements 
in each group, vdth the letters or symbols by which, for 
the sake of convenience, they are usually distinguished.* 

5. The symbol of each element consists of the first letter 
of its name, in Capital. When the names of several ele- 
ments begin alike, the single capital is reserved for the 
first discovered, or more important element ; the others 
being designated by their initial letter conjoined with a 
small one, usually the most characteristic in the word.f 

, 6. The names of the elements (with the exception of the 
cotnmon metals and one or two others) are generally ex- 
pressive of some leading property. Thus, chlorine X takes 
its name from its greenish colour, and iodine from its violet 
vapor. All the recently-discovered metals end in urn, 

* The most important have been marked with an asterisk (*). 
' t Sometimes the symbol is derived from a Latin name, having an 
initial different from that of its ordinary name. In such cases, the 
Latin name has been given in parentheses. 

t Chlorine, from x^^P^Si greenish yellow ; iodine, from lov, a 
violet. 
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Table of Elemei^i^by Substances. 
(Those in italia are rare.) 



Names of the Elements. 


Symbols. 


COHBIMINO 

NUMBBBS. 


Gboup I. — Metalloids. 




' 


Boron . . . . 


B. 


11 


Bromine . 


Br. 


78 


* Carbon 


C. 


6 


* Chlorine. 


CI. 


36 


Fluorine 


F. 


18 


* Hydrogen 


H. 


1 


Iodine 


I. 


126 


* Nitrogen 


N. 


14 


* Oxygen 


0. 


8 


* Phosphorus 


P. 


32 


Selenium 


Se. 


40 


* Silicon . 


Si. 


22 


* Sulphur • 


S. 


16 


Gboup II.— Metals. 






* Aluminium . 


Al. 


13 


Antimony (Stibium) 


Sb. 


129 


^iridium 


Ar. 


? 


Arsenic • 


Ab. 


75 


Barium 


I Ba. 


68 


Bismuth . 


Bi. 


72 




Cd. 


56 


* Calcium ... 


Ca. 


20 


Cerium 


Ce. 


46 


Chromium 


Cr. 


28 


Cobalt 


Co. 


30 


* Copper (Cuprum) 


Cu. 


32 


Didymium . 


D. 


?' 


Donarium 


Do. 


? 
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Table or ELBMByxABT SrBSTAiycrBa — continued. 



Nakbs of the Elbmbkts. 



Erbium 

Glucinium 

Gold (Aurum) 

Ilmenium 

Iridium 
^ Iron (Ferrutn) 

Lanthanium . 

Lead (Plumbum) 

Lithium 
^ Magnesium 

Manganese . i 

Mercury (Hydrargyrum) 

Molybdenum 

Nickel . 

Niobium 

Norium . 

Osmium 

Palladium 

Pelopium 

Platinum 
^ Potassium (Kalium) . 

Rhodium 

Ruthenium , 

Silver (Argentum) 

Sodium (Natrium) • 

Strontium 

Tanialum, or Columbium 

Tellurium 

Terbium 

Thorium . 

Tin (Stannum) 

Titanium • 

Tungsten (Wolfranium) 



Stmbgls. 



COMBININO 
NUMBBRS. 



E. 


T 


G. 


26 


Au. 


99 


11. 


? 


Ir. 


98 


Fe. 


28 


La. 


48 


Pb. 


104 


L; 


6 


Mg 


12 


Mn. 


28 


Hg. 


100 


Mo. 


48 


Ni. 


29 


Nb. 


? 


Nr. 


? 


08. 


100 


Pd. 


54 


Pe. 


? 


Pt. 


99 


K. 


39 


R. 


52 


Ra. 


? • 


Ag. 


108 


Na. 


24 


Sr. 


44 


Ta. 


183 


Te. 


64 


Tb. 


? 


Th. 


60 


8n. 


58 


Ti. 


24 


W. 


94 
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Tabl5 or Elbhbntaby Substancbs — continued. 



Names of the Elements. 


Symbols. 


Combining 
Numbers. 


Uranium 

Vanadium 

Yttrium. 

Zinc .... 

Zirconium 


u. 

V. 

Y. 

Zn. 

Zr. 


60 
68 
32 
33 
33 



7. When the elementary bodies unite with each other to 
form compounds, they do so in unalterable proportions by 
weight. 

8. The numbers in the third column of the preceding 
table, represent the proportions by weight, in which the 
different elements combine with each other, and are, there- 
fore, termed Combining numbers or Combining weights, 

9. All the elementary bodies are regarded as made up of 
small particles or atoms,* differing from each other in 
weight, and perhaps also in size and shape. 

10. The numbers which express the proportion by weight 
in which the elements combine to form definite compounds, 
are considered to represent the relative weights of an atom 
of each element, and have therefore been called Atomic 
weights. 

1 1 . Hydrogen being the lightest of the elements, is taken 
as the standard of weight, or unity, and all other elements 
are compared with it. Thus the smallest weight of oxygen 
with whicli one grain of hydrogen will form a definite com- 
pound, is eignt grains ; hence 8 is taken to represent the 
atomic weight of Oxygen. 

Similarly 1 grain of Hydrogen will unite with 36 grains 
of Chlorine, or 6 of Carbon, or 16 of Sulphur, &c. j there- 
fore 36, 6, and 16 are taken as the atomic weights or com- 

* Atom means indivinble particle, fronf aro/<oc, indivisible. 
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billing proportions of Chlorine, Carbon, and Sulphur, 
respectively. 

12. The numbers which represent the proportions in 
which the diflferent elements combine in least quantity with 
the element taken as unity, also represent the proportions 
in which they combine among themselves, or replace each 
other in chemical decompositions ; they have, therefore, 
been termed equivalents, or equivalent weights. 

Thus when chlorine expels oxygen from any compound, 
36 parts by weight of the former are required to replace 8 
of the latter : hence 36 is the equivalent of Chlorine, being 
equal in effect to 8 of oxygen 

13. The equivalent of a compound is the sum of the 
equivalents of its several elements. 

Thus nitric acid (NOg), consisting of 1 equivalent of 
Nitrogen, = 14, and 5 equivalents of Oxygen, = 5X8 
=40, has 54 for its equivalent number ; the equivalent of 
sulphuric acid (SOj) is 40, since i atom of sulphur =16 
is combined with 3 atoms of Oxygen = 24. So when 
sulphuric acid expels nitric acid from any of its compounds, 
it replaces it in the proportion of 40 to 54. That is, 40 
parts by weight of Sulphuric acid produce a neutralizing 
effect equivalent to that produced by 54 parts by weight of 
Nitric acid. 

14. The symbolic letter for each element is not only to 
be considered as a short and useful way of writing its 
name, but also as representing one atom or equivalent 
of it. 

15. The symbol of a compound is formed by writing 
together the symbols of its elements. 

16. Similarly the combining weight of a compound is 
obtained by adding together the combining weights of its 
component parts. 

Thus HO is the symbol for water, i^nd 9 is its combining 
weight, since water consists of one atom of Hydrogen, 
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combining weight 1, and one atom of Oxygen, combining 
weight 8. 

17. H+0=HO; 1+ «= 9— Watier. 
K+0 =K0; 39+ 8= 47— Potais. 

Ca+0=CaO; 20+ 8= 28— Lime. 
Hg+S =HgS ; 100+ 16=11 6— VermiUon. 
Na+Cl=NaCl; 24+36== 60— Salt. 

18. If more than one equivalent of a body has to be 
expressed, it is done by placing a small figure to the right 
of the symbol. 

Thus Of stands for 5 equivalents of Oxygen ; Fe,, for 
2 equivalents of Iron, and so on. 

19. N05=N+06; 14-f40= 54— Nitric Acid. 
C02=C + 0,; 6 + 16= 22— Carbomc Acid. 

Mn6,=Mn+0,; 28 + 16= 44- j^^'JS^ ^^^^^ ^^ 

i Manganese. 

SOo = S + Og ; 16 + 24= 40— Sulphuric Acid. 

PbA=^Pl2+0s; 208 + 24=232— Red Lead. 

NH8=N+H,; 14+ 3= 17— Ammonia. 

20. A large figure placed before, or to the left hand of 
associated symbols, multiplies all the symbols which follow 
it as far as the first comma, + sign, or full stop. 

Thus SHO means three equivalents of water,* or three 
equivalents of Hydrogen + 3 equivalents of Oxygen, or 
HO + HO + HO. 

21. Combination between bodies themselves compound, 
is indicated by a comma, or by the sign of addition. When 
both are used in the same formula, the comma marks the 
union already subsisting between the component parts of 
the combining compounds. 

22. Saltpetre or Nitrate of Potash, KO+NO,, or EO, NO,. 
White Lead, PbO+COa or Pb, COj. 
Chalk, CaO+COa or Ca, CO,, 

Chrome Yellow, PbO+CrO, or PbO, Crj. 
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Alain(c]7Bta]lized),Al,0» 3S0,+K0, SO,+24 HO. 
Sugar of Lead, PbO, C^H.Os+SHO. ' 
Loaf Sugar, Ca4Hi80n+4H0. 

23. A collection of chemical symbols like the preceding, 
is called b. formula. 

24. All chemical changes mayjbe expresased by formulae 
arranged after the manner of an equation. 

BXERCISES ON CHAPTER II. 

1. How many elements are at present known, and how may they be 
arranged ? 

2. What elements form the first group ? 

3. What does the second group include P 

4. What is meant by the letters affixed to each element in the alpha- 
betical list ? 

5. How are these symbol^ formed? Whence are some of them 
derived ? 

6. Whence do most of the elements derive their names? 

7. How do elementary bodies combine ? 

8. What is meant by combining numbers or weighU t 

9. Of what do elementary bodies consist ? 

10. Whence do the combining numbers get tlvsir second name of 
utomic weights ? 

1 1. How are atomic weights or combining numbers ascertained ? 

12. Why are the combining numbers called by their third name ; 
viz., equivalents t Give an illustration from among simple bodies. 

13. Show how the term equivalent applies in the case of compound 
bodies. 

14. What is to be understood by the symbolic letter of each element ? 

15. How is the symbol of a compound written ? 

16. How is the combining weight of a compound found ? 

17. Explain the symbols, &c., for Water, Potass, Lime, Vermilion, 
and Salt. 

18. How is more than one equivalent expressed ? 

19. Explain the following symbols, giving the equivalent weights 
and names of the substances : NO, ;.COs ; NHs ; Pbs Oj ; Mnj Oj ; SO^. 

20. What effect has a figure to the Iqft of a group of symbols ? 
Explain the symbol 3H0. 

21. How is combination between compounda symbolized? 

22. Give the symbols for Chrome yellow ; Saltpetre i White lead ; 
Alum ; Loaf sugar ; Sugar of Lead ; and Chalk. 

23. What is meant by a chemical formula ? 

24. Fop what are formulae used ? 
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CHAPTER III. 

CHEMICiJ. AITINITT. 

1. The sixty-five elements enumerated in the preceding 
chapter have been called the Alphabet of the Science of . 
Chemistry, for as the letters of the alphabet may be joined 
together to form words, so these elements may be united 
to form compounds. (Synthesis.) 

2. Each word in a language is made up of two or more 
letters, into which it can be separated; (Analysis); but 
the letters themselves cannot be divided. (Elemente.) 

3. Some letters occur more frequently than others ! for 
instance, we find one or more of the vowels, a, e, i, o, u, 
and y, in every word ; while the consonants, j, q, x, and z, 
are seldom met with. So it is with the chemical elements ; 
for Oxygen, Hydrogen, Nitrogen, Carbon, and a few more, 
are found in a large number of. compounds ; whilst Sele- 
nium, Cerium, Titanium, &c., occur but rarely. 

4. The power or force by which elementary bodies are 
united in order to form compounds, is termed Chemical 
attraction^ or affinity. 

5. Chemical affinity may be defined as, that power by 
which particles of different kinds of matter combine to 
form a compound always possessing some properties very 
different from those of its component elements, 

6. Chemical affinity differs from the attraction of gravi- 
tation, in not acting on masses of matter at sensible dis- 
tances, but only on the particles of matter in close contact. 

7. Chemical affinity differs from the attraction of cohesion 
in uniting particles of different kinds of matter, while the 
attraction of cohesion keeps together only particles of the 
same kincl. 

8. Although none but dissimilar bodies unite by chemical 
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affinity, mere dissimilarity will not of itself ensure union : 
thus, sand and sawdust, salt and sugar, oil and water, 
though very different bodies, canhot be made to unite ; 
hence, they are said to hare no affinity for each other. 

9. Bodies which have no affinity for each mother may be 
mixed together, but their mixture is merely mechanical, and 
no change of properties takes place. 

Ex, a. — Put into a glass some oil and water ; however much they 
may be stirred or shaken together, the mixture will be simply mecha- 
nical, as will be evident by their soon separating when the agitation 
ceases, the oil floating on the top of the water as at first. 

Ex. b. — Add to the oil and water a little pearlasb or soda, stir the 
mixture as before, and the three will unite chemieallpt forming a so- 
lution of soap. 

Ex. c. — To the solution thus formed add a little diluted sulphuric 
acid. The acid will decompose the soap, and unite with the pearlash 
or the soda, while the seoarated oil will once more float on the surface 
of the liquid. 

10. From the last experiment we learn that chemical at- 
traction acts among different bodies with different degrees 
of force. 

1 1 . The simplest cases of chemical affinity are those in 
which two elements unite to form a binary compound : that 
is, one which contains only two different kinds of matter. 

Ex, d. — Cut two or three small pieces of phosphorus (P), place them 
on a tile or plate, and when dry throw a little iodine (I) upon them. 
The two elements will combine, heat will be given out, part of the 
phosphorus will be inflamed, part of the iodine will go oflT in vapour, 
and the remainder will form iodide of phosphorus. (PI)* 

Ex, e. — Rub together in a mortar, for some* time, two parts by 
weight of sulphur (S) and one of mercury (Hg% The yellow colour 
of the one, and the brilliant metallic lustre of the other, will disap- 
pear ; the two elements having combined to form a black powder (sul- 
phuret of mercury) formerly called iEthiops mineral (Hg S3). 

If the sulphur be melted in a ladle and the mercury added, the same 
black substance will be formed, only in less time. 

Ex,f. — ^Mix together some tinfoil and a globule or two of mercury. 
The two metallic elements will unite and form a pasty mass or amalgam, 
similar to that which is at the back of a looking-glass. 
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12. The power by which two elements combhie has been 
termed Simple or Single Affinity; the same power may 
also be exerted between two compounds, and in exceptional 
cases, between an elementary and a compound substance. 

Thus sulphur (S) and iron (Fe), each an element, readily 
unite, when heated, forming sulphuret of iron, Fe S ; 
sulphuric acid (SO3) and oxide of iron (Fe 0), each a 
compound body, combine with ease to form sulphate of 
Iron (Fe 0, SO3) : — but the simple body, sulphur, does not 
combine with the compound, oxide of iron, neither does 
pure iron unite with sulphuric acid. 

13. Hence the important rule which holds good, in inor- 
ganic chemistry, with but few exceptions, that elements 
combine only with elements, and compounds only with com- 
pounds, 

14. It not unfrequently happens that when two com- 
pound bodies are mixed together, each is decomposed, and 
two new compounds are formed totally distinct from the 
former. This has been termed Double decomposition. 

Ea. g. — Into a solution of acetate of lead, consisting of acetic acid 
and oxide of lead, pour some solution of chromate of potass, a com- 
bination of chromic acid and potass. A beautiful yellow powder will 
be formed, which is chromate of lead or chrome yellow, while acetate 
of potass will remain in solution. 

Here we have an interchange of the constituent parts of the two 
solutions, as shown in the following diagram — 

Acetate of Potass. 



Acetate 

of 

Lead. 



^ Acetic Acid. Potass. 1 Chromate 

Lead. Chromic Acid. J p-j^- 



Ghromate of Lead. 

The same decomposition may be thus expressed by symbols : — 

Pb 0,A+KO,Cr 03.=K0,A.+Pb 0,Cr 0>. 
Bx, A. — Into a solution of chloride of mercury pour some solution 
of iodide of potassium ; a beautiful yermilion precipitate is obtained. 

C 



18 « OHBHISTST. 

The chlorine of the chloride of mercury hM united with the potassium 
of the iodide of potassium, while. the iodine has combined with the 
mercury, forming the beautifully coloured iodide of mercury. 

Cbloride of Potassiiuii. 



Iodide ^'^ 



of 
Potassium. 



^'w- 



Potassium. CUorme. 

Iodine. Meronry. 



Chloride 

of 
Mercury. 



Iodide of Mercury. 

Or symbolically, thus : — 

KI+HgCl.=KCl.+HgI. 
15. From the foregoing experiments, it will be seen 
that chemical affinity alters not merely the nature of bodies, 
but also their form and color. It likewise produces change 
of temperature, of yolume, of taste, of smell. 

Ex, t. — Put a drop or two of hydrochloric acid (HCl) into a smaU 
glass jar or wine-glass, and a drop or two of ammonia (NHs) into 
another; invert one glass over the other, the two invisible gases 
emitted will unite, forming white fumes of chloride of ammonium, 
which will in a little time settle on the sides of the glass in a solid form. 
Thus two gases form a solid. 

JESv* i. — ^Put a little hydrochloric acid (HCl) into a glass, and a few 
small pieces of chalk (CaO, CO2). A brisk effervescence ensues, for a 
portion of the solid chalk (CO3) passes off in the form of a gas. 

Thus chemical affinity has power to change a solid into a gas. 

Ex. I. — Pour into another glass some of the solution formed in the 
last experiment, — chloride of calcium (Ca CI) — and add a few drops 
of sulphuric acid (SO3) ; a white solid is produced which is sulphate of 
lime, — plaster of Paris, or gypsum (CaO, SOs). Here we see two 
liquids have formed a solid. 

Ex, m, — Put into a mortar equal weights of sulphate of soda 
(NaO, SOs) and nitrate of ammonia (NH3, NOs). These two solid 
substances will, when rubbed together, gradually become fluid. 

Ex, n. — Dissolve some loaf sugar in a very small quantity of hot 
water, so as to make a thick syrup, leaving some undissolved sugar at 
the bottom of the glass, which should be a somewhat tall one ; add 
some sirong sulphuric acid : the sugar will become black, being rapidly 
converted into charcoal. Sugar is composed of charcoal or carbon 
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and the dements of water ; the strong acid unites with the water, and 
sets free a sufficient amount of heat to evaporate it, while the carbon 
is left behind. 

In this experiment we have, first, a change of temperature ; secondly, 
a liquid converted into vapor ; and, thirdly, a liquid chtinged into a 
solid. 

16. There are several causes which control chemical 
affinity, such as cohesion, heat, light, electricity, &c. 

1 7. Since chemical affinity acts upon particles of different 
kinds of matter in close contact, the force of cohesion which 
unites particles of the same kind in masses, must be a hin- 
drance to chemical action. Solid substances, even when 
finely powdered and mixed, very seldom combine chemi- 
cally. Cohesion must, in most cases, be first overcome by 
dissolving one or both of the solids in a liquid, so that when 
the solutions are mixed, the particles may be brought into 
immediate contact. 

Ex. o. — Mix together some tartaric acid and carbonate of soda 
(Na, COs), both quite dry, no action will ensue ; put some of the mix- 
ture into a glass of water, and effervescence arises immediately through 
the decomposition of the soda compound, and the escape of carbonic 
add gas (COj). 

18. Heat is generally the great opponent of affinity ; since 
the latter draws the particles of mattier together, while heat 
tends to drive them asunder, and by thus separating them* 
from each other, often weidcens and destroys their chemical 

, union. 

19. When the affinities which hold together the compo- 
nent elements of a compound body, have been destroyed 
by the application of a given degree of heat, other affinities 
come into action, and the elements arrange themselves into 
new combinations. 

Thus all organic substances, as, wood, oil, tallow, &c., 
are decomposed by heat ; but at the same time other com- 
pounds are formed, for no particle of matter can be de- 
stroyed. 

20.. Heat, by melting, solid substances, and thus briug- 
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ing them into a liquid state, not unfrequently promotes 
chemical union. 

Thus soda and sand may be mixed together without com- 
bining 3 but if the mixture be exposed to a red heat, it fuses, 
and then the sand and soda unite, forming a transparent 
glass. 

21. Light has a powerful influence on the affinities 
between certain bodies. Hydrogen and chlorine gases will 
not unite if mixed together in the dark ; but if brought into 
the sunshine they combine with explosion. 

22. All photographic processes depend upon the chem- 
ical action exerted by certain of the rays of light upon 
various substances (generally compounds of silver) spread 
upon paper, glass, &c. 

23. Electricity greatly influences affinity ; mdeed it has, 
by many persons, been supposed to be the foundation of 
all chemical action. Electrical currents from the galvanic 
battery are among the most powerful means of producing 
chemical decomposition. 

Ex, p. — When two slips of platinum foil are dipped into a. glass of 
water, to which a little sulphuric acid has heen added, to make it a 
better conductor, and the slips connected by wires with the ends of a 
galvanic battery in action, the water is decomposed, bubbles of oxygen 
appearing at one slip (the positive), and hydrogen at the other (the 
negative), in the proportions of one, by measure, of the former to two 
of the latter. • 

24. Electro-plating, electro-gilding, and the electrotype 
process, are practical applicatious of the principle of chem- 
ical decomposition by the galvanic current. 

25. Elements presented to each other in what is termed 
the nascent* state, that is, at the moment they are set free 
from their previous combinations, often enter into new com- 
binations which cannot be formed under other circum- 
stances. 

Thus hydrogen and nitrogen will not unite, though min- 

♦ Noicentf from nasei, to be bom. 
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gled in tlie same vessel ; but when these two gases are 
liberated together, by the deeomposition of animal and 
vegetable matter, as in a manure heap, they readily com- 
bine to form ammonia (NH3). 

26. Sometimes a body by its mere presence or contact, 
induces changes in anotlier, without itself undergoing any 
change, ^his peculiar action has been called catalysis,* or 
presence action. The reasons for it are not fully understood. . 

Thus in preparing oxygen from a mixture of chlorate of 
potass and manganese, the manganese suffers no change, 
and yet the gas is obtained much more easily than from, the 
chlorate of potass alone. 

Ex. q. — Mix a little starch with hot water, it will form a gelatinous 
or jelly-like mass, as used by laundresses. If some of this gelatinous 
starch be mixed in an evaporating basin with dilute sulphuric acid, 
and the mixture kept (by means of a lamp) almost at the boiling point 
for a few minutes, it will change into a semitransparent liquid. Now 
remove the lamp and neutralize the acid by stirring in some powdered 
chalk till all effervescence ceases; filter the liquid and evaporate. The 
starch has been changed into a kind of gum. This starch- gum is 
called dextrine. 

If the starch and acid be boiled for some time, instead of only 
simmering, and the acid neutrahzed as before ; on filtering and evapo- 
rating the liquid, a mass of sugar (grape sugar) will be formed. No 
portion of the sulphuric acid has been decomposed, neither has it 
suffered any gain or loss, for the sulphate of lime formed contains just 
as much acid as was originally employed. 

27. Chemical affinity is governed by certain general laws, 
the first of .which is, that all chemical combination takes 
place in fixed, unchangeable proportions of weight, (Defi- 
nite Proportions.) 

Thus, the water we drink is composed of two gases, 
Oxygen and Hydrogen : eight grains, ounces, or pounds of 
Oxygen, unite w^th one grain, ounce, or pound of Hydrogen, 
to form nine grains, ounces, or pounds of water. If we 
attempt to form water by uniting these elements in different 
proportions, we shall fail, as a portion of one or other 
element will remain uncorobined. 

* Catalysis, from Kara-Xvats, an undoiDg. 
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28. The second law of Chemical affinity is, that the i 
ghMtieal compound always contains the same elements 
united in the same unvarying proportions. (Constancy of 
Composition.) 

Thus pare vater at all places and at all seasons, contains 
the same proportions of its constituent gases. 

29. The third law of Chemical affinity is, that when ele- 
ments unite to form more combinations than one, the larger 
quantities are multiples of the least by a whole number. 
(Multiple Proportions.) 

Thus Oxygen snd Nitrogen form a series of five com- 
pounds (as helow), which di£fer essentially in their proper- 
ties ; the amount of nitrogen in each is unchanged, but the 
quantity of oxygen varies as the numbers 8, 16, 24, 32, 40^ 
each number being an exact multiple of eight. The two 
gases will not combine in any other proportions. 

Nitrous Oxide Gas, NO = 14+ 8 = 22. 
Nitric Oxide Gas, N 0, = 14 + 1 6 = 30. 
Hyponitrous Acid, N0,= 14 + 24 =38. 
Nitrous Acid, N04= 14+32=46. 

Nitric Acid. N0,s 14+40 =s 54. 

EXERCISES ON. CHAPTER III. 

1. Why may the elements be termed the A B C of chemistry ? 

2. Illustrate synthesis and analysis by the words of a language. 

3. Name some of the more frequently occurring elements ; also some 
of the rarer ones. 

4. What is meant by chemical affinity ? 

5. What is the effect of chemical affinity ? 

6. How does chemical affinity differ from gravitation ? 

7. How does chemical affinity differ from attraction of cohesion ? 

8. When are bodies said to have no affinity for each other ? 

9. What is a mechanical mixture ? Give illustrations of the differ- 
ence between mechanical mixture and chemical combination. 

]10. Shew that there are different degrees of affinity. 

11. What is meant by a binary compound ? 

12. What is simple or single affinity ? 

and iUostrate, the fundamental role of chemical union. 



14. Explain and illustrate what is meant by double deoompotition. 

15. State and illuitrate the changes produced by chemical affinity. 

16. Name the causes which influence chemical action. 

17. How does cohesion influence affinity ? 

18. Why does heat often destroy chemical union ? 

19. What becomes of the elements of a body that has been decom- 
posed by heat ? 

20. How does heat sometimes directly promote chemical union ? 

21. How does light influence affinity? 

22. What is the principle on which photography depends ? 

23. What influence has electricity upon chemical action ? Give an 
example. 

24. On what principle does the art of electro-plating depend ? 

25. Explain and illustrate what is meant by the nascent state of 
bodies. 

^6. What is meant by Presence-action, or Catalysis ? 

27. State and explain the law of definite proportiqns, 

28. What is meant by the law of constancy of composition f 

29. Explain the law of miilliple proportions. 



CHAPTER IV. 

METALLOIDS. 

OXYGSK. 

Symbol O. Combining equivalent 8. 

1. Oxygen at the common temperature is a colour- 
less, tasteless, inodorous gas. It was discovered by Dr. 
Priestly, in 1774, and by Scbeele, a Swedish chemist, about 
the same time. 

2. It was at first called dephlogisticHted air. The term 
Oxygen was given to it by Lavoisier, a French chemist, who 
diought that the add (Chap, vii.) properties of bodies 
were due to this element. The term Oxygen signifies add" 
producer, (o^u;, sharp ; yevvau, I produce.) 

3. Oxygen is the most widely distributed body in nature ; 
it forms one-fifth part by volume of all the air ; eight- 
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ninths, by weight, of all the water ; one-half of all the solid 

crust of the globe ; and more than one^half of all living 

plants and animals. 

4. Preparation' 
—If a little red 
oxide of Mercury, 
HgO, be heated in a 
test tube a6, the af- 
finity which holds 
the Oxygen to the 
Mercury is so feeble, 
that exposure to 
heat resolves the 
compound into oxy- 
gen gas and metallic 
mercury : thus, De- 
composition : — HgO 
=Hg+0. 
5. The gas may 

be collected in ajar c, over water at the pneumatic* trough, 

• " The pneumatic trough is a tin box, 10 
inches wide by 1 4 long. It is without a 
top, but has a shelf extending over a part of 
its surface, and rested on a small shallow 
ledge fastened to the sides of the box, so 
that the top of the shelf may be from 1 to 
2 inches beneath the upper edge of the box ; 
through the shelf are two or three holes, to 
which are attached on the under surface as 
many small funnels of tin as represented in 
the cut. Supposing gas is issuing out of 
the beak of a retort, and that beak were 
placed beneath the funnel, the shelf being 
coyered with water ; it is evident that the 
gas would pass through the funnelled hole 
and ascend into the air if the hole were 
uncovered, or else into a gas jar or other 
vessel placed over the hole. Also in passing 
Fig. 2. through the water, the gas becomes purified 

»nA pnnied. These are the objects of a pneumatic trough. 



Fig. 1. 
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the metallic mercury condenses in globules on the cool 
part of the tube. A tolerably large tube should be used 
in this experiment. The arrangement is shown in the 
figure. This method of obtaining the gas is seldom adopted, 
owing to the expense of the oxide of mercury. It is inter- 
esting as being the mode in which it was first obtained by 
Priestly and Scheele. 

6. A more economical method is by mixing about four 
parts by weight, of chlorate of potash KG, CIO5 with one 
part of the binoxide of manganese (MnOg). These mate- 
rials should be well mixed and dried, then introduced into 
a retort, as d, or into 
a Florence flask, fur- 
nished with a proper 
tube for delivering 
the gas, which must 
be collected over 
water at the pneu- 
matic trough. A, as 
before. Heat should 
be applied gradually, 
since if this precau- 
tion be neglected the 
flask is likely to be broken, 
comes off in great abundance. 




Fig. 4. 
In a few minutes the gas 
The jars intended to receive 



"Instead of tin, a com- 
mon wooden box may be 
used. It is only neces- 
sary that it should be 
water-tight, and a com- 
mon box may be easily 
made so, by ninniiip: a 




Jl 






ll!lil!tli!^:.;^iii 



Fig. 3. 



little pitch or a mixture of resin and wax along the various joints — 
even a washing basin with a small tbree-legged stool standing in it will 
answer every purpose. A small foot tub makes an excellent trough, 
and a small garden pot, with a hole made in the side to receive the 
break of the retort, will make an equally excellent shelf to it, so easy 
is it to find chemical apparatus." — Francis, 
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the gM, as c, shonld stand filled with water, on the shelf 
of the trough B, ready to be used at once, as the gas ge- 
nerally comes orer with great rapidity, and much would 
otherwise be wasted. 

Deeompontim :- -KO, CIO, «= KCl+60. 

7. The manganese in this case undergoes no change, it 
acts by mere contact {catalysis). The decomposition of the 
chlorate of potass in the presence of the manganese takes 
place at a much lower temperature than if it were used 
alone, for then a heat would be required sufficient to soften, 
if not melt, the glass iask. 

Ex. a. — Put a small quantity of 
chlorate of potass into a test tube 
' and hold 'it by a wire over a lamp. 
If when the chlorate is boiling and 
the gas is rising, a slip of burning 
wood be held above the chlorate 
and in the gai, the brilliancy of the 
flame will be increased; if the 
burning wood be allowed to fall 
into the melted chlorate, a sudden 
deflagration takes place. 
Fig. 6. 

8. Another method sometimes adopted for obtaining 
Oxygen, when absolute purity is not required, is to heat to 
redness in an iron bottle or gunbarrel some of the binoxide 
of manganese (MnOa). The manganese oxide, at this high 
temperature, undergoes decomposition, but differs, how- 
ever, from the red oxide of mercury in not yieldibg up the 
whole of its Oxygen. 

9. In this decomposition, 8 equivalents of the Binoxide 
of manganese are resolved into one equivalent of the Pro- 
toxide of manganese (MnO) ; one equivalent of the Sesqui- 
oxide of manganese (MuaO,) ; and two equivalents of Oxygen 
Gas, 20, thus :— 

3MnO,=MnO+MnA+20. 

10. The most striking property of Oxygen is its power 
of supporting combustion. 
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£r. 6, — ^Fasten a piece of candle or taper to a wire, light it and im- 
merse it in a jar of oxygen gas ; it will 
burn with much more than its usual 
brightness. If the taper be extin- 
guished, but so as to leave the wick 
red hot, and then immersed, it will be 
instantly relighted. The taper may be 
thus extinguished and lighted again 
several times with the same jar. 

Ejt. e. — ^Remove a jar of oxygen gas 
from the shelf of the pneumatic trough, 
by sliding it, with its mouth still under 
water, into a plate or saucer, and then 
lifting the whole together. Place in a de- 
flagrating spoon, fig. 7, a piece of sulphur 
aliout th.e size of a pea, light it by the 
lamp, and immerse it in the jar of gas, 
taking out the stopper, which should 
have been well greased before-hand, to 
prevent its sticking. The sulphur will 
burn with a beautiful blue flame, and 
the jar will be filled with a vapour 
which is sulphurous acid (SO3) formed 
by the combination of the sulphur 
with the oxygen. 

Ex. <;.— Instead of sulphur'introduce 
a piece of charcoal previously ignited 
at the spirit lamp. It will burn rapidly, 
forming carbonic acid (CO2). If the 
cliarcoal have the bark on, it will burn 
with very brilliant scintillations ; fig. 8. 

Ex. *.— Put into a deflagrating 
spoon a piece of phosphorus about the 
size of a split pea, previously dried be- 
tween the folds of blotting paper with 
as little handling as possible; ignite 
the phosphorus by touching it with a 
red hot wire, and immerse it quickly, 
but steadily, into a jar of Oxygen, to 
aboQt two-thirds of the depth of the 
jar ; flg. 9. The Phosphorus will burn 
with a light so intense that the eye can 
scarcely bear it; the jar will be filled 
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with white clouds of Phosphoric acid (PO*), which after some time 
will dissolve in the water. 

@ Ex, f.—k piece of iron wire (called binding wire) 

T!\rv ™*y ^*® twisted into a spiral form like a cork-screw, 

^ and about the diameter of a lead pencil. The end of 

ithe spiral wire should be dipped in sulphur, or at- 
tached to a dry splinter of wood and iguited. When 
introduced into a jar of oxygen, the sulphur or wood 
kindles the iron, whicli burns with great brilliancy, 
'A\^^\ ^'^>le ^^^%^ melted drops of the black oxide of iron 

.--... ..!!"i^ (Fes O4) fall to the bottom of the jar.* 
Fig. 10. 

11. All the foregoing experiments are cases of com- 
bustion. Combustion is the combination of two or more 
bodies attended by light and heat ; it is the result of intense 
chemical action! 

12. In each of the above instances the light and heat 
are produced by the chemical union of oxygen with the 
burning body, the weight of which is increased exactly iu 
proportion to the quantity of oxygen consumed. 

13. Combustion in oxygen is the same in character as 
combustion in air ; and the same products are formed. It 
is, however, much slower in the latter case because the 
oxygen of the atmosphere is diluted with four times its 
bulk of nitrogen. 

14. Oxygen is the universal supporter of respiration, and 
is hence the great supporter of life. The lungs of land 
animals and the gills of fish are both adapted to the same 



* When these experiments are given at the lecture table, the gas jar 
should not hold less than three pints, the phosphorus and sulphur 
should be introduced in a deflagrating spoon ; the charcoal should be 
secured to a piece of wire, and the other end attached to a cork. The 
end of the iron spiral should also be attached to a cork, but there should 
be a piece of tin, or other metal, under the cork, to keep the latter from 
catching fire. 

These experimenta are best seen in a dark room. If smaller jars be 
used, the pieces of combustible material must be reduced in size. 
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purpose — to absorb oxygen ; the former from the atmo- 
sphere, the latter from the water. 

15. Pure oxygen, however, is not suited to sustain animal 
life ; its effect is too powerful ; over-excitement, fever, and 
in a short time death, would be the result of living in an 
atmosphere of undiluted oxygen. 

16. If a living animal were iptroduced into a jar of oxygen, 
the circulation of the blood would be quickened, the respi- 
ration would be more frequent, the eyes would dilate, the 
blood vessels burst, and the poor creature die : it would, 
indeed, have been living too fast. 

17' Oxygeti gas is slightly soluble in water. This is of 
great importance to those plants and animals which live in 
water and are dependent on the dissolved oxygen of the 
water for the air they breathe, 

18. Fishes die if placed in water deprived of its oxygen 
by boiling or otherwise. Hence, in an aquarium, it is 
necessary either to change the water frequently, or to pro- 
vide a supply of living plants, which in their process of 
growth give out oxygen ; this is absorbed by the water, 
and respired by the fish through their gills or breathing 
apparatus. 

EXERCISES ON CHAPTER IV. 

1. Give the symbol and combining weight of oxygen. By whom 
was oxygen discovered, and when ? • 

2. Whence does oxygen derive its name ? 

3. Shew that oxygen is the most widely-diffused body in nature. 

4. What is meant by HgO; and how may oxygen be obtained from 
it? 

5. Why is the HgO process interesting ? Why is it not usually 
adopted ? 

6. Explain the process of obtaining oxygen from a mixture of chlo- 
rate of potass and binoxide of manganese. 

7. What is the advantage of using binoxide of manganese with the 
chlorate of potass ? 

8. How may oxygen be obtained from binoxide of manganese 
alone ? In what respect does this process differ from that with the 
red oxide of mercury ? 
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9. GUe the fbrmnla for the deoomposition of binoxide of manj^ 
nese, and explain its meaning. 

10. State and illustrate the most striking property of oxygen. 

11. Define combustion. 

12. How are the light and heat produced in combustion ? 

13. In what respects does combustion in oxygen gas resemble, and 
differ from, combustion in common air ? 

14. What relation has oxygen to animal life ? 

15. Vfhy would an atmosphere of pure oxygen be injurious ? 

16. What would be the effect on an animal if it breathed only pure 
oxygen ? 

17. Why is the solubility of oxygen in water important ? 

18. Of what use are living planU in an aquarium ? 



CHAPTER V. 

HYBBOaEN. 

Symbol H. Combining equivalent 1. 

1 . Hydrogen is a gas at all known temperatures. It 
is colourless, tasteless, and without odour when pure, and 
the lightest body known, being 14 times lighter than com- 
mon air. It cannot support combustion or respiration, but 
is itself highly inflammable, burning, however, only in the 
presence of oxygen. 

2. Hydrogen was first ohtained pure by Mr. Cavendish 
in 1766. Its name signifies water-producer (udwf>, water ; 
yivvau, I produce), It is, as its name implies, a constituent 
of water, as well as of all plants and animals. 

3. Tallow, wax> gas, oil, coal, and all substances used 
either for heating or illuminating purposes, are Hydro- 
carbons, i; e. compounds of Hydrogen with another element. 
Carbon. 

4» Hydrogen is- usually obtained by the decomposition 
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Fig. 11. 



of water, HO. The simplest method of doing this, per- 
haps, is hy passing a galvanic current through 
the water, wherehy it is resolved into its con- 
stitaent elements, the hydrogen appearing at 
the negative wire or electrode ( — ), and the 
oxygen at the positive (+) 5 the hydrogen 
being the doable in quantity of the oxygen. 

5. Another method of obtaining hydro- 
gen, interesting from its simplicity, but too 
expensive to be used on a large scale, is by 

folding up a piece of 
potassium or sodium in 
blotting paper, and 
passing it quickly un- 
der a gas jar filled 
vnth water and stand- 
ing mouth downwards 
^*«f"- on the shelf of the 

pneumatic trough,or into a test tube. (Fig. 11.) The metal de- 
composes part of the water, uniting with the oxygen to form 
potash, KO, or soda, NaO, which is dissolved in the re- 
maining water ; while the hydrogen rises to the top of the 
jar as a gas. 

6. Decomposition: K+HO=KO+H; 39+9=47+1 

Na+HO=NaO+H; 24+9=32+1 

7. The presence of the dissolved potash or soda may be 
shewn by the restoration of the blue color to a piece of 
litmus paper previously reddened by an acid. 

8. The presence of the gas may be shewn by removing the 
tube or jar from the water, having preyiously closed the 
mouth with the finger or a plate, inverting the jar, removing 
the covering, and applying a light, when the hydrogen will 
bum with a pale flame. 

9. Irpn at a red heat decomposes water, so if steam be 
made to pass from a flask b, through a red hot gun 
barrel a b, or porcelain tube filled with iron filings, it 
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will be decomposed into its elements, the oxygen uniting 
with the iron, while the hydrogen escapes through the 
tube c d. 




Fig. 12. 

10. In this process four equivalents of water are de- 
composed by three equivalents of iron, forming one equi- 
valent of black oxide of iron, and liberating 4 equivalents of 
hydrogen gas. 

4HO+3 Fe=Fe3 O4+4H. 

1 1 . The best method of preparing this gas is the follow- 
ing : — Take a wide-necked bottle fitted with a good sound 

cork, perforated with two holes, one to 
admit a tube for the escape of the gas, 
and the other for a funnel which should 
pass nearly to the bottom of the bottle. 
Put a few pieces of granulated zinc or 
some iron nails into the bottle, and pour 
in some dilute sulphuric acid through 
the funnel ; gas will be rapidly given off, 
and may be collected at the pneumatic 
Fig. 13. trough in jars filled with water. 

12. Care must be taken that the jars or other vessels in 
which the gas is collected contain no air, as hydrogen 
forins an explosive mixture either with oxygen or with com- 
mon air. 




HETALIiOIDS — HTDBOGEK. 



33 



For the same reason the first portions of the gas should 
always he allowed to escape, as they are invariably mixed 
with the air contained in the upper part of the bottle. 

13. When zinc is placed in pure water, no chemical 
action is perceptible ; but if a little sulphuric acid be added, 
decomposition of the water takes place, the oxygen of the 
water unites with the zinc, forming oxide of zinc (ZnO), 
which at once combines with the sulphuric acid, while the 
liberated hydrogen escapes as a gas. 

14. Decomposition: — 

HO, S03+Zn=ZnO,S08+H; 49+33 = 81+1 

HO, S08+F«=:FeO,S03+H5 49+28=76+1 

Ex. a. — Fill a small })allooQ mi^e of gold-beater's skin with hydre- 
gen ; tie the mouth and let it free, it will immediately rise to the 
ceiling of the room ; if out of doers, it will soon fly out of sight and be 
lost. 

JEdf. b. — Hydrogen is combustible, but not a supporter of combus- 
tion. This fact may be illustrated by introducing a lighted taper into 
a jar of hydrogen held with its mouth downwards : the hydrogen burns 
at the mouth of the jar, where it is in contact with air, but if the taper 
be moved farther into the jar its flame will be extinguished. 

Ex. c. — Hydrogen gas may be ignited at a jet as it escapes from 
the bottle in which it is prepared, care being 
taken that aU the air is expelled before the 
light is applied; it is as well also that the 
bottle should be loosely wrapped round with a 
cloth in case of any accident. 

Ex. d. — If a dry gas jar be held over a jet 
of burning hydrogen, or over any ordinary 
flame, its interior becomes covered with drops 
of moisture. This moisture is due to the union 
of hydrogen and oxygen, forming water. 

Ex. e. — If a bladder be filled with a mix- 
ture of two parts by measure of hydrogen and 
five of air, and a hole made in it with a pin, 
and a lighted taper applied, the mixed gases 
will explode with a loud report. If oxygen be 
nsed, two volumes of hydrogen should be taken Fig> 14> 

and one of oxygen^ being the proportions in which these gases unite to 
form water. 
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Ex,f, — ^Fill a gas bag or bladder provided with a stop-eock irith 
.the mixture of hydrogen and oxygen already mentioned; attach to it 
a tabe or a tobacco-pipe bowl, and blow up some soap bubbles in a 
basin ; after removing the tube, apply a lighted taper to the frothy 
surface : a violent explosion will ensue as before. 

15. The flame produced by burning hydrogen is bluish 
or yellowish, and so faint that in daylight it is scarcely 
visible ; it is, however, intensely hot, as may be seen by 
holding a piece of wire or a rod of glass to the end of the 
jet of burning gas. 

16. The illuminating power of flame is almost entirely 
dependent npon the presence of solid matter in a state of 
combustion or intense ignition. In the hydrogen flame, 
we have two simple ga%es uniting, oxygen and hydrogen, 
giving rise to a vwporo/as compound, water, in the form of 
steam ; hence we have but little light ; in a dusty atmo- 
sphere, however, the flame becomes much more luminous, 
by igniting to intense whiteness the floating particles which 
come into contact with it. 

&. g. — Shake some iron filings through the flame as it issues from 
the jet in Ex. a. They will be heated to whiteness, and form a shower 
of brilliant sparks. A piece of chalk sharpened to a point and held in 
the flame will emit a bright light. These experiments prove «lso the 
intense heat of the flame. 

17. All ordinary flames burning in the air, or in pure 
oxygen, are of necessity hollow, combustion being only the 
energetic union of the substance burned with the surround- 
ing oxygen, and this can evidently only take place in all 
common cases, at the surface of the burning body. 

18. The flame of the mixed gases is, however, mlidy for 
the combustible gas and the oxygen are already inter- 
mingled, and only require an increased temperature to 
cause them to combine in every part. 

19. The flame thus produced is termed the oxy-hy- 
drogen flame, and is stiU less luminous than that of hydro- 
gen alone ; its heat, however, is greatly increased. 
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20. VariouB meftns haye been employed for buf ning the 
explosive mixture of the two gases with safety. 
Sometimes two gas holders or gas bags are used, 
one for each gas ; the tubes from these reservoirs 
meet in another tube or jet, where the gases 
mix in very small quantity ; ^g. 15. 

21. Sometimes a jet of peculiar construction 
called Hamming's jet, is employed, in which the 
gases, previously mixed in a bag, are forced 
through a tube filled with fine wires, which pre- 
yent the passage of the flame to the gas bag. 

22. Another and more economical mode of using the 
two gases, and perfectly safe, is shewn in the diagram. 



Fig. 15. 




Fig. 16. 

The bag is filled with oxygen, which can be forced from 
it by the pressure of the weight ; hydrogen is generated 
from zinc in the bottle, allowed as usual to pass through 
sulphuric acid in the second or drying bottle, and kindled 
at the jet. The oxygen is turned on, and brought within 
one eighth of an inch of the burning hydrogen, when the 
two gases barn together, and we obtedn the oxy-hydrogen 
flame. b 2 
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£!r. A.-*Ho1d in the flame, by means of a pair of pliers, a fine 
piece of copper wire about an inch long i it will burn with a beautiful 
green flame • 

£x. f.— Instead of copper wire use a piece of platinum wire : it 
will burn with a white light. This metal cannot be burned, or even 
melted, by the heat of the most powerful furnace, yet it bums readily 
in the intense heat of the oxy-hydrogen flame. 

Ex, k. — Treat a piece of watch-spring, or a small steel file, in the 
same way, it will burn with the greatest brilliancy, throwing off 
showers of sparks. 

Ex. L—Cxii a piece of lime to a sharp point, and hold it in the 
flame ; a light will be emitted nearly as dazz;^ling as the sun. This is 
called the oxy-hydrogen or Drummond light, and has been used for a 
yariety of purposes where intense light is required. 

EXERCISES ON CHAPTER V. 

1. Give the symbol and combining equivalent of hydrogen. State 
its principal properties. 

2. Whence does hydrogen derive its name ? By whom was it dis- 
covered ? ^ 

3. Name its most useful compounds. 

4. Whence is hydrogen obtained ? Explain the mode of obtaining it 
by a galvanic current. 

5. How can hydrogen be obUdned by means of Potassium or So- 
dium } State the changes which take place. 

6. Give the formulae for the preceding decomposition. 

7. How can the presence cf the potash or soda be proved ? 

8. How may the presence of the hydrogen be shown ? 

9. What is the effect of passing steam over red-hot iron ? 

10. Write and explain the formula for the preceding decomposition. 

11. What is the usual method of preparing hydrogen ? 

12. What special care, is needed in collecting hydrogen ? 

13. Explain the usual process of obtaining hydrogen. 

14. Give the formulsa and equivalents of the decomposition of water 
by zinc and iron. 

15. What is peculiar with regard to the light and heat of inflamed 
hydrogen ? 

16. On what does the illuminating power, of flame depend ? How 
may this be proved ? Why does burning hydrogen give but little 
light? 

17. Why are ordinary flames hollow ? 

18. Why is the oxy-hydrogen flame solid ? 

19. What are the properties of the oxy-hydrogen flame? 
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20« How may the mixed gases be burned with safety ? 

21. Describe Hemming's jet. 

22. Describe a more simple mode of safely burnlDg the mixed gases. 



CHAPTER VI. 

WATEB. 

Symbol HO j combining equivalent 9. 

1. Water, or Oxide- of Hydrogen, is a compound of one 
equivalent of Hydrogen and one equivalent of Oxygen 3 its 
equivalent is consequently 9. 

2. Pure water is a transparent, tasteless, inodorous 
liquid ; colorless in small quantities, but in large quanti- 
ties of a beautiful blue, as seen in the deep sea, and in the 
crevices of Alpine glaciers. 

3. Water is 815 times heavier than air; a cubic foot of 
■water at the temperature of 60°, weighs 1 000 ounces (avoirdu- 
pois) ; or, since a gallon of water weighs lOlbs., we may say 

A pint of pure water 

Weighs a pound and a quarter. 

4. Water readily assumes either Jthe solid, liquid, or 
vaporous state, as ice, water, steam. 

5. Under ordinary circumstances, water freezes at 32°, 
and boils at 212°. 

6. Water, like other bodies, expands by heat and con- 
tracts by cold ; but, unlike otlier bodies, after it has been 
cooled to a certain point (40°), it again expands. 

7. A given weight of water occupies the smallest space, 
or is most dense at 40° 5 if its temperature vary either 
above or below 40°, it expands. This point is termed the 
point of greatest density of water. 

8. While freezing, water expands very much, bursting the 
strongest vessels in which it may be contained 3 it is in this 
way that the hardest rocks are gradually crumbled . down 
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into soil fit for vegetable life ; for the moisture, which has 
during Bummer penetrated into the smallest cracks and 
hollows, freezes during winter, and by its expansive force 
breaks the solid stone. 

9. Ice is lighter than water, and therefore floats on its 
surface ; were it otherwise, and the ice sank as fast as it 
was formed, rivers, lakes, and seas, would soon be con- 
verted into bodies of solid ice. 

10. Steam occupies about 
1700 times as much space as 
water ; a cubic inch of water 
forms very nearly a cubic foot 
of steam. 

11. Water has the power 
of dissolving many sub- 
stances, and it is this pro- 
perty which renders it so 
important in nature and so 
serviceable to mankind. 

Fig. 17. 

12. Solution is a mere mechanical action, and does not 
produce any change in the chemical properties of a body ; 
for on heating the sofution, the water is driven off in vapor, 
and the particles of the dissolved body are recovered with 
their properties unaltered. 

13. Transparency is essential to a solution. Where solid 
particles are distributed throughout a liquid, as when chalk, 
is stirred with water, they are not dissolved, but only me- 
chanically suspended in the water, and will separate by 
their own weight, or by the process of filtering. 

14. Hot water has a greater solvent power for most sub- 
stances than cold water. In the case of alum, for instance, 
hot water will dissolve twice as much as cold water. It 
follows that as the hot water becomes cold, part t>f the 
alum must again become solid. In so doing, the particles, 
in obedience to their mutual attraction, arrange themselves 
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io particular forms or crystals ; the process is termed crys' 
tallization. Sugar caudy may be taken as another example. 

15. In consequence of its great solvent power, water 
seldom, if ever, occurs in nature' perfectly pure. Rain- 
water, as collected at a distance from large towns, and in the 
open fields, is the purest natural form of water, but even 
this contains a trace of ammonia, NH3. 

16. Absolutely pure water can only be obtained by the 
process of distillation,* whereby the water is converted into 
vapor {evaporated), which is afterwards condensed into the 
liquid state, while the substances that were previously dis- 
solved in it are left behiud in the retort or still. 

In the chemist's laboratory and in many of the arts, large quantities 
of absolutely pure water are required. Its distillation is conducted in 
tfn apparatus represented in the annexed figure. 
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Fig. 18. 



* DisiiUatio (Latin), falling in drops. 
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This distilling apparatus, or alembict consists of a copper boiler, a« 
fixed in a brick furnace, having a dome-formed cover, b, adapted to it^ 
from which a bent tube, .b c df proceeds, and is connected with a spiral 
tube called a tgorm. This worm is inclosed in a large cylindrical da- 
^"» P 9 J ^i constructed in metal, which is kept constantly filled 
with cold water. The lowest part of the worm passes out of this 
cistern near its bottom, and terminates at a, over the mouth of a jar, e, 
intended to receive the distilled water. An opening, f, having a steam* 
tight stopper, is provided in the boiler, through which the water to be 
distilled is introduced into it. 

The vapor issuing from the boiler through the tube, b e d, passes 
into the worm, being first received by the vessel, o, where the conden- 
sation begins. 

Passing next through the coilii of the worm, it is iexposed to the con- 
tact of its cold surface, and is entirely condensed and reduced to the 
liquid state before it arrives at the lower extremity, a, from which it 
trickles in drops into the jar, c. 

17. Rain-water, as eollected away from large towns, and 
water that springs from rocks, which, like granite or sand- 
stone, are scarcely, if at all, soluble, is very pure, and will 
dissolve soap without curdling 5 it is called soft water. 

18. Spring water, in general, however, contains lime and 
other substances, which it has dissolved out of the lime- 
stone and other strata through which it has flowed : such 
water is termed hard water ; it will not dissolve soap, and is 
unfit for washing, &c. 

19. Soap dissolved in spirits of wine is employed to test 
the hardness of water. It may be mixed with pure, soft 
water, without causing any change, but if added to a hard 
water, it produces a milkiness, the more considerable as the 
water is less pure. 

20. Water unites chemically with other compound bodies 
forming a class of substances termed hydrates {udupt 
water). Thus fresh-bunied lime, CaO, unites rapidly with 
water in the process termed slaking, and is in reality con- 
verted into a hydrate of lime, CaO, HO. 

21. Water is a product of all ordinary combustion. This 
has been shown in Ex, d, of the last chapter. It is also 
evident in cold weather on the windoivs of shops where 
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gaB is barned, the vapoc being condensed on the inner 
surface of the glass. 

EXERCISES ON CHAPTER VI. 

1. Give the symbol and equivalent of water. 

2. What are the properties of pure water ? 

3. What is the comparative and what the absolute weight of water ? 

4. What different states does water assume ? 

5. Give the boiling and freezing points of water. 

6. What is remarkable in the expansion and contraction of water by 
change of temperature ? 

7. What is meant by the point of greatest density of water ? 

8. What effects are produced by water when freezing ? 

9. What would happen were ice heavier than water ? 
lO.'State the comparative space occupied by steam and water. 

11. What is the most important property of water? 

12. What change does solution produce in the chemical properties of 
bodies ? 

13. When can water be purified by filtering ? 

14. Explain the process of crystallization. 

15. What is the purest natural form of water ? 

16. How is absolutely pure water to be obtained ? 

17. Whence does soft water flow ? 

18. Why is some water termed hard water ? 

19. How may the hardness of water be detected ? 

20. Explain the term Hydrate. 

21. Shew that water is a product of combustion. 



CHAPTEE VII. 

C0MP0uin)S or the metalloids : — acids, etc. 

1. Most of the non-metallic elements or metalloids 
combine with eaoh other, the compounds so* formed behig 
either acid or non-acid, 

2. The non-acid compounds of the metalloids with other 
elements haye for the most part names ending in -ide ; 
the termination -uret is more frequently used in some 
cases. 
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Thus the non-acid compounds of-^ 
Oxygen are termed. . Oxides 
Chlorine „ . . Chlorides 
Iodine are „ . . Iodides 
Bromine „ . . Bromides 
Fluorine „ . . Fluorides 
Carbon „ . . Carbides or Carburets 
Sulphur „ . . ' Sulphides or Sulphurets 
Phosphorus „ . . Phosphides or Phosphurets. 

3. An acid may be defined as a body which has a sour 
taste, reddens vegetable blues, and neutralizes^ or destroys, 
the alkaline reaction of potass. 

4. These are the usual characteristics of an acid, though 
they are not always found together; for some bodies, 
owing to their insolubility, have neither a sour taste, nor 
any action on vegetable colours, and yet must be regarded 
as acids, from their power of neutralizing potass or soda. 

5. Thus common flint or sand, which is a compound of 
Oxygen and Silicon, if heated vnth potass (or soda) com- 
pletely neutralizes its properties, and combines with it to 
form glass. Flint or sand has, therefore, been named 
Silicic acid (Si O3) though it neither tastes sour, nor acts 
on vegetable colours. 

6. On the other hand, Carbonic acid (COj), and Boracic 
acid (BOj), though they do not perfectly neutralize potass, 
have long been looked upon as acids, owing to their taste 
and action on vegetable blues. 

7. Chemists now regard as acids all bodies which, uniting 
with potass or soda, give rise to compounds similar in 
their constitution and character to the compounds formed 
by the union of those bodies vnth sulphuric, nitric, or some 
other well-defined acid. 

8. When the metalloids combine with oxygen, the com- 
pound formed is, with few exceptions, an acid; as, Sul* 
phuric acid, SO, ; Nitric acid, NO, 5 &c. 

9. Several of the compounds of oxygen with the metala 
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are likewise possessed of acid properties ; as Manganic 
acid, MnO, ; Ferric acid, FeOj ; Chromic acid, CrOs ; Anti- 
monic acid, SbO^ ; &c. 

10. It was formerly supposed that all acids contained 
oxygen ; and this supposition gave rise to the name oxygen, 
aeid-prodmer, 

11. Many, however, of the compounds of Hydrogen with 
the other metalloids have acid properties ; as Hydrochloric 
acid, HCl; Hydriodicacid, HI3 Hydrobromicacid,HBr; &c, 

12. Acids may therefore be divided into two groups : — 
Oxygen acids {oxacids), and Hydrogen acids (Jiydracids) . 

J 3. Some of the Oxygen acids exist only in combination 
with water, HO ; they have therefore been termed hydraUd 
acids ; as, hydrated sulphuric acid, HO, SO3. 

14. When the water which was cJiemicaUy combined with 
any body has been removed, the body is termed anhydrous. 

1 5. Nitric acid (NO5) has only very recently been obtained 
anhydrous ; and neither it nor anhydrous Sulphuric acid 
(SO3) has, in fact, any right at all to the name add being 
destitute of all acid properties. 

16. Acids are either monobasie, or poly basic, according as 
they are capable of uniting with one or more equivalents of 
base. 

17. Phosphoric, Arsenic, and Arsenious acid are poly- 
basic. 

Thus (SCaOfPOs) Anhydrous Phosphate of Lime contains three 
equivalents of lime and one of Phosphoric acid; (2CaO,As03) 
Arsenite of Lime has two equivalents of lime and one of arsenious 
acid. (3CaO,A80s) Arseniate of Lime has three equivalents of 
lime and one of arsenic acid. Phosphoric acid and Arsenic acid are 
therefore called tHbanic acids, since thej combine with three equiva- 
lents of base. And Arsenious acid is called bibiuic, because it unites 
with two equivalents of base. 

18. All the acids in the subjoined lists (which should be 
committed to memory) are monobasic^ that is, they only 
combine with one equivalent of base. 
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19. Oxygen acids : — 

Symb. Equiv. 
Sulphurous acid . . . . . . SOj 32 



(H0)S03 40+9 

(H0)N05 54+9 

(H0)C108 76+9 

CrO, 52 

BOs 35 



Sulphuric acid (oil of vitriol) 

Nitric acid (aquafortis) 

Chloric acid . . 

Chromic acid . . 

Boracic acid ..... 

Silicic acid (silica, quartz, sand) . . SiO, 46 

Carbonic acid (choke damp) . . . . CO3 22 

20. The Hydrogen acids are known by the prefix hydro-, 
the first two syllables of the word hydrogen. 

21. Hydrogen acids : — 

Symb. Eqoiy. 
Hydrochloric acid (muriatic acid, ^spirit of 

salt) . . . . . ) 

Hydrosulphuric acid* (Sulphuretted Hydrogen) 
Hydrofluoric acid 
Hydriodic acid . . 
Hydrobromic acid . . . . . . . . 

22. When one element unites with another in seyeral 
proportions, the different combinations are distinguished by 
suitable prefixes, marking the number of equivalents of the 
first-named element which enter into union with one equiva- 
lent of the latter. 

23. A compound hody, which contains only one equiva- 
lent of each of its constituents, simply takes the name 
oxide, chloride, &c., a» the case may be, according to §2. 

24. The Latin prefixes hin- or. hi^ (= twice), and ter- 
(=three times), are used when two or three equivalents 
respectively of one body are combined with one equivalent 
of another. 

Thus we have binoxide of nianganesessMnOs ; teroxide of gold 
=:AiiO' ; bichloride of mercury=HgCl2, &c. 

* This acid must not be confounded with the Hydrated Sulphorie 
add (HO SOs). 



HCl 


37 


HS 


17 


HF 


la 


HI 


127 


HBr 


79 
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25. When ivio bodies combine in the proportion of three 
equivalents of one body to one equivalent of the other, or 
as H: \, the compound takes the Latin prefix sesqui, 
which means one and a half. 

Thus, common rust, FejOs, is termed sesqui-oxide of iron. 

26. The Greek prefixes ^o^o-, deuto-y trito-, &c., are pro- 
perly used to 'denote respectively the first, second, third, 
&c>, in a series of compounds formed by two elements, 
without reference to the proportions in which they occur. 

27. The terms protoxide, proto^chloride, &c., are, how- 
ever, frequently used simply in the sense of oxide, chloride, 
&c., as in §23, instead of in their strictly grammatical 
sense of first ojdde, &c. Any compound containing a 
smaller proportion of oxygen, chlorine, &c., would then be 
marked by the prefix «u5-(under), as, vS^^oxide of copper, 
CuaO. 

28. Per- or hyper- in a series of compounds, denotes 
the greatest though undefined quantity of the first element 
named, except when prefixed to the oxygen acids, when it 
implies the greatest amount of oxygen. 

29. The termination -ic, in a series of oxygen acids, 
denotes the presence of more oxygen than the termination 
•0U8 ; and -ous more than the prefix hypo- which means 
under: thus, — 

Cl+0e=C10 form hi/po-chloTous acid. 

C1+04=C104 " chloroM* " 

C14-05=C105 " chlonc " 

Cl4.0;=C107 " ^er-chlonc " 

EXERCISES ON CHAPTER VII. 

1 . How may the combinations formed by the metalloids with each 
other be arranged ? 

2. What compounds have names ending in ide ? Give examples. 

3. What are the usual characteristics of an acid ? 

4. Why is the usual definition of an acid too limited ? 

5. Why is flint, or silica, considered an acid? 

6. Why should Carbonic and Boracic acids be regarded as addsi 
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7. To what bodies is the name aeid now applied ? 

8. What is the general nature of the compounds formed by the 
metalloids with oxygen ? Give examples. 

9. Give instances of metals forming acids with oxygen. 

10. What was formerly supposed to be an essential constituent of 
an acid ? 

11. Name some acid compounds of Hydrogen. 

12. What is meant by oxacids and hydracids f 

13. Explain the term hydrated, 

14. When is a body termed anhydrous T 

15. What is known about anhydrous Nitric and Sulphuric acids ? 

16. Why are acids termed monobasid And polybasic t 

17. Give examples of polybasic acids. How may they be still 
further subdivided 7 

18. To which class do the more common acids belong ? 

19. Name the chief oxygen acids, with their symbols and equiva- 
lents. 

20. How may the hydrogen acids be known ? 

21. Give the names, symbols, and equivalents, of the chief hydrogen 
acids. 

22. How are different combinations of the same elements distin- 
guished ? 

23. What is denoted by the terms oxide, chloride, &c. ? 

24. Explain and illustrate the use of the prefixes bm- or bi- and ter-. 

25. Explain the prefix sesfui'^ and give an example. 

26. What do the Greek prefixes proto-y deuio-, trito- propedy 
denote ? 

27. In what sense are the names having the prefix proio- often 
used } What is denoted by the prefix tub- 1 

28. Explain and illustrate the use of the prefixes /wr- and hyper: 

29. Explain the different p^refizes and suffixes in a series of oxygen- 
acids. 
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CHAPTER VIII. 

WITBOSlSir. 

Symbol N. Comhimn^ equivalent 14. 

1 . Nitrogen is a permanently elastic fluid or gas, chiefly 
distiDguished by its negative properties. It has neither 
colonr, taste, nor smell ; it neither burns nor supports com- 
bustion ; it cannot maintain respiration, and it has no 
action upon vegetable colours. It is a little lighter than 
atmospheric air, and is slightly absorbable by water. 

2. Nitrogen was discovered by Dr. Rutherford in 1772, 
and received its name {nitre-prodticer) from its connection 
with nitre or sal^etre, of which it forms a component 
part. 

3. Lavoisier, the French chemist, who first investigated 
its principal properties, gave it the name Azote {life- 
destroyer) f from the fact of its destroying animal life ; this 
it does not by poisoning, but simply by excluding common 
air, and so causing sufibcation. 

4. Nitrogen is an important element, for it forms four- 
fifths of the air we breathe, and is a constant ingredient of 
all vegetables and animals. It occurs also in some mine- 
rals, as saltpetre, (nitrate of potass, KO, NO5), cubical 
nitre, (nitrate of soda, NaO, NO5), and a few varieties of 
coal. 

5. Nitrogen may be prepared in several ways ; but the 
easiest is by depriving atmospheric air of its oxygen, by 
burning some combustible, as sulphur, spirits of wine, or 
phosphorus, in a confined portion of air over water. 

Ex. a, — ^Place a small piece of phosphoras, about the size of a pea, 
in a small porcelain capsule floating on the water in the pneumatic 
trough, .or in a deep hasin. Light the phosphorus, cover it with a 
jar of air, and let it burn out. The water will have risen in the jar, 
and the space above will be filled with white fumes of phosphoric add, 
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PO5, these will, however, soon be absorbed by the water leaving the 
nitrogen pure. 

The gas so formed may be decanted 
into other jars, as in the diagram, and 
its properties examined. 

Ex. h, — Attach a small piece of wax 
taper to a cork ; light the taper, float the 
cork in a deep plate, full of water, and 
while the taper is burning cover it over 
with a glass receiver. It will be seen, 
that the light of the taper will become 
dimmed, and in a short time go out. 
This is because it has consumed all the 
ox3'gen of the air that was in the jar; 
Fig. 19. what is left is nitrogen, mixed with 

some carbonic add. It may be deprived of this latter by using lime 
water to stand the jar in, instead of common water. 
There must also be enough water that it may rise 
in the jar, according as the combustion goes on. 
The taper does not consume quite all the oxygen in 
the jar, but so nearly all that the nitrogen is suffi- 
ciently pure for ordinary experhnents. 

Ex. c. — If two jars be taken, one full of oxy- 
gen, and the other full of nitrogen gas, a suspended 
taper introduced into the nitrogen is immediately 
extinguished ; but if it has previously been allowed 
to burn till the wick is red, and the least red spark 
remain on withdrawing it from the nitrogen, — it 
will be rekindled on transferring it quickly to the jar of oxygen gas, 
and again extinguished in the nitrogen ; this i^ay be repeated several 
times in the same portions of gas. 

Ex. d, — Wash a piece of lean beef well, cut it into very small bits. 

Fig. 21. 




Pig. 20. 
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and put them into a glass flask or retort : pour in some diluted nitric 
acid, and then set the retort over a lamp, and receive the gas which 
comes over at the pneumatic trough in the usual way. It is nearly 
pure nitrogen. 

6. Besides entering into the composition of atmospheric 
air, nitrogen combines with oxygen to form a series of five 
chemical compoands, remarkable as illustrating in a striking 
manner the law of multiple proportions (Chap. III. § 29). 
These compounds are as follow : — 



Protoxide of Nitrogen 


NO = 22 


Binoxide „ „ 


NO, = 30 


Hyponitrous acid 


NO. = 38 


Nitrous acid 


NO4 = 46 


Nitric acid 


NO5 = 54 



7. Protoxide of Nitrogen^ Nitrons Oxide, or Laughing 
Gras, NO. — This is a colorless, transparent, inodorous 

' gas, having a faint, agreeable smell, and a sweetish taste. 
It is considerably heavier than common air. At 33° and 
under a pressure of 30 atmospheres '*' it becomes a liquid ; 
and 150* below 0* it solidifies. 

8. It supports the combustion of burning bodies with 
almost as much brilliancy as oxygen : from this, however, 
it may be distinguished by being readily absorbed by cold 
water, which dissolves f ths of its own volume ; hence warm 
water must be used in collecting this gas at the pneumatic 
trough. 

9. When taken into the lungs it produces in most per- 
sons a sort of intoxication, genersdly accompanied with 
pleasurable sensations, and not followed by unpleasant 
symptoms. Sometimes it acts injuriously, producing a 
sort of stupor, causing the experimenter to fall senseless 
for a few seconds, and then recover with confused ideas and 
headache : this, however, rarely happens, if thegasbe^?!^^. 

* By an atmosphere is meant a pressure of fifteen pounds on each 
' square inch of surface. Thirty atmospheres will therefore be eqnal to 
4501bs. per square inch. 

X 
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10. Nitrous oxide is prepared by placing solid nitrate of* 
ammonia (NHs> HO, NO^) in a retort, or in a flask with a 

bent tube, and gently 
heating it overa lamp. 
The nitrate at first 
melts, and when the 
temperature rises to 
340° F., it boils, and 
is entirely decom- 
posed into water and 
gas; the latter may 
be received into jars, 
filled, as already men- 
tioned, with warm 
water. 

11. The following diagram, as given by Professor 
Graham, will illustrate the decompositicm that takes 
place : — 




Kg. 22. 



08 

o 
B 

a 



Before Decomposition. After Decompositioii. 

'' / Oxygen 8 22 Nitrous Oxide. 

[ Oxygen 8 • .22 Nitrous Oxide. 

54 Nitric 1 Oxygen 8^ 

Acid, j Oxygen 8^ 

f Oxygen 8^ 

^ Nitrogen 14 . 

! Nitrogen 14. 
Hydrogen 1 X^Nv^Q Water. 
Hydrogen 1 ./N- 9 Water. 
Hydrogen 1 .9 Water. 

9 Water. Water 9 9 Water. 




80 80 80 

Or in symbols : 

. NH3,HO,N05=2 NO-l-4 HO. 



Jkf. e. — ^Fill a, wide test tube or small jar with the gas, and plunge 
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into it a taper with a glowing wick ; the taper will be relighted and 
bum with brilliancy. 

E», /. — Perform experiments 
with charcoal, phosphorus, and iron 
wire, similar to those described under 
oxygen (page 6), almost equally vivid 
cbmbustion will ensue, and the pro- 
ducts will be the same, for the burn- 
ing bodies decompose the gas uniting 
with the oxygen and leaving the 
nitrogen in the jar. 

Ex. g. — Perform a similar experi- 
ment with sulphur, and notice, that 
if the sulphur, when put into the gas, 
is only just burning, with a weak bluish Fig. S8. 

flame, it will be extinguished ; but if it is already burning vividly, its 
splendor will be greatly increased. Note also that the flame is of a 
beautiful rose color, and not blue as in pure oxygen. 

E<c, h. — ^Fill a bag or Jarge-sized bladder, 
fitted with atube and stop-cock, with some of the 
gas, taking care that it is pure. Then closing 
the nostrils with one hand,'6r«a/A« out as much 
air as possible from the lungs, apply the tube 
(with the stop-cock already turned on) to the 
mouth, and keeping it there, breathe the gas 
from and into the bag, as long as possible, and 
the intoxicating effect already described will 
be produced. This experiment should be per- 
formed in a large open space, lest the experi- 
menter should injure himself or others, in his 
temporary madness. 

// must never be tried by persons who have 
a determination of blood to the head, 

12. Binozide of Nitrogen orlfitric- 
ozide gas, NOs. — This gas may be 
prepared by pouring diluted nitric acid 
over some copper turnings or pieces of 
copper wire, in a retort or gas bottle, 
similar to that used in preparing hydro- 
gen. No heat need be appUed, and 
the gas may be received' oyer cold < 
water. Fig. ss. 
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13. The gas is obtained by the deoxidation of the nitric 
acid. Pure copper, being; an element, cannot unite with 
the compound body Nitric acid. A portion of the latter is 
therefore decomposed, and gives up three-fifths of its 
oxygen to the copper, which thus becomes oxide of copper, 
and is dissolved by the remaining nitric acid, forming a rich 
blue solution of nitrate of the oxide of oopper, or as it is 
usually termed, nitrate of copper. The nitrogen of the 
decomposed nitric acid is set free in combination witlb the 
remaining two-fifths of oxygen forming binoxide of 
nitrogen. 

14. For complete decompositiou four equivalents of 
nitric acid and three equivalents of eop^r are necessary* 
as may be thus shown — 

3Cu+4N05=3(CuO,N05)+N02, 
or still more fully by the following diagram, from which 
also it will be seen that only one-fourth of the whole quan- 
tity of acid is decomposed, the other three-fourths uniting 
with the oxidised copper : — 



'N- 
0- 



-T^'Oa 



N05< 




04-Cu=CuO- 
0+Cu=CuO^ 
0+Cu=CuO- 

NO5. r Tr^^-^-^^^^T^--^..^^ 

NO5 rrr:r>t-,^. cuo,no,. 

NO5 .7rcuo,No,. 

15. Nitric oxide is colorless and transparent, rather 
heavier than common air, very slightly soluble in water, 
incombustible, irrespirable, and incapable of maintaining 
ordinary combustion. 

16. The most remarkable as well as most useful pro- 
perty of binoxide of nitrogen, is its power- of instantly 
absorbing oxygen from the air, becoming then a dark red- 
dish gas — nitrous acid, N04=N0a+0a« 
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Ex, t. — Pat some copper wire, or a leaf or two of Dutch gold 
(which is principally copper,) into a test tuhe, and add a few drops of 
nitric acid, the metal will be dissolved, and the upper part of the tube 
will be filled with orange red fumes of nitrous gas caused by the union 
of the binoxide of nitrogen with the oxygen of the air. If the tube 
be looked tn/o, the solution appears green, but becomes blue on the 
addition of a little water : the green color is caused by the orange- 
colored gas mixing with the blue liquid ; when this gas is dissolved by 
the water or otherwise removed, the blue color is made apparent. 

Ex. it.— Into a tall jar, half filled 
witli nitrous oxide and standing on 
the shelf of the pneumatic trough, 
pass up a few bubbles of air, or, still 
better, of oxygen gas; notice the red 
fumes of nitrous acid (NOi) produced, 
and the rise of the water, owing to the 
rapid absorption of the add. 

Ex. I, — Perform the same experi- 
ment, having first, either filled the jar 
with water colored blue by litmus, or 
put into it a piece of blue litmus paper ; Fig. 26. 

the reddening of the blue color proves the formation of an acid. 

Ex. m. — Introduce a lighted taper or a piece of burning sulphur 
into a jar of nitrous oxide ; tlie flame 
will be extinguished. The heat evolved 
being insufiicient to decompose the 




[r 



-.!( 



Fig. 27. 



Ex. n. — Instead of sulphur use 
charcoal or phosphorus ; these will 
burn with great brilliancy, the high 
temperature decomposing the gas, 
which yields its oxygen to the burn- 
ing Dody at the same tiifie that the 
nitrogen is disengaged. 

V 

17. HyponitroTis Acid, NO3. — This substance may be 
prepared by mixing four measures of nitric oxide with one 
of oxygen, both perfectly dry, and exposing the mixture 
to great cold, by which it is condensed into a volatile green 
liquid. 

It is of DO practical application or importance. 
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18. Hitrous Add, N04.>->Thi8 body is termed by some 
chemists Hyponitric Acid. It has abeady been noticed 
as forming the red vapors arising from ^the combination 
of nitric oxide with oxygen. By great cold it can be con- 
densed into a very volatile and nearly colorless liquid. 

Both this and the previously named body are decom- 
posed by water, being resolved into binoxide of nitrogen 
and nitric acid. 

19. Nitrous Acid may be obtained by heating carefully 
dried nitrate of lead in a retort, and condensing the vapor 
in a receiver surrounded with ice. 

PbO,NO»=PbO+0+N04. 

20. Nitric Acid, HO, NOg. — This is the most important 
of the chemical compounds of oxygen and nitrogen. It 
has been known from an early period, under the name 
aquafortU, which it obtained from its power of rapidly 
dissolving most of the metals. 

21. Nitric acid may be obtained by distilling in a retort 
equal weights of nitrate of potass (KOjNOs), and sul- 
phuric acid (2H0,S0,), that is, one equivalent of the 
former and two of the latter. The sulphuric acid displaces 
the nitric acid and unites with the potass to form bisulphate 
of potass, thus — 

KO,N05+2HO,SO,= (KO,SO,+HO,S08)+HO,NO,. 

22. Pure nitric acid is a colorless liquid, (spec. grav. 
1.517.) It is exceedingly corrosive, and has an intensely ^onr 
taste. It stains the skin and nails of a deep and permanent 
yellow, and rapidly decomposes animal and vegetable 
substances. 

23. The acid thus described is in reality a hydrated 
aeid^ consisting, when strongest, of 1 equivalent of absolute 
nitric acid NOg, and 1 equivalent of water HO^ so that its 
symbol is H0,N06. 

24. Anhydrotui Nitric Add, NO,. — This substance has 
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been obtained by passing a current of dry chlorine gaa 
CI, over dry and heated nitrate of silver, AgO, NOj, thus — \ 
Cl+AgO,N04=Ag Cl+0+NOfi. 
It appears in the form of white prismatic crystals; 
though it has not yet been thoroughly examined, it seems, 
to be destitute of acid properties so loDg as it continues in 
the anhydrous state. 

25. Nitric acid is used for etching on copper, for dis- 
solving and separating metals, also by surgeons as a caustic. 
In consequence of the large proportion of oxygen it con- 
tains and the facility with which it parts with it, nitric acid 
is frequently used by the chemist as a means of oxidation.* 

26. Nitric acid occurs in nature, chiefly in combination 
with potass, forming nitrate of potass (KO,NOs) or salt- 
petre, or with soda, forming nitrate of soda (NaO,N05) or' 
cubical nitre. 

27. Nitric acid is found in small quantity in rain water, 
especially after thunderstorms. Every flash of lightning, 
and every electric spark which passes through the air, is 
believed to cause a minute portion of its oxygen and nitro- 
gen to combine and form nitric acid, which is dissolved by 
the falling rain. 

Ex, 0, — Let nitric acid vapor pass slowly through a heated earthen- 




Pig. 28. 
* When a substance combines with oxygen, it is said to be oxidised 
or to undergo oxidation. 
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Ware tube : it will be decomposed into oxygen and nitrons acid if 
exposed to a dull red heat, and into oxygen and nitrogen gases if 
the tube be heated to 'whiteness. 

Ex. p. — If a weak solution of indigo in sulphuric acid be poured 
into a glass and a little nitric acid be added, the blue color will be 
destroyed, especially if the liquid be heated. 

Ex, g. — ^The acid properties of this substance will be proved by 
tasting it, when greatly diluted^ and by its reddening litmus paper. 

Ex. r. — ^Dip a quill, a little white worsted, flannel, or wool into 
some strong nitric acid, and it will become yellow, either directly or 
when exposed to the light for a short time. On removing the article 
from the acid it should be immediately well washed in water to pre- 
Tent its destruction. 

EXERCISES ON CHAPTER VIII. 

1. State the properties of nitrogen. 

2. By whom and when was nitrogen discovered ? ^y is it so 

named ? 

3. By whom was it termed azote, and why } 

4. Why is nitrogen an important element ? 

5. State and explain some methods of obtaining nitrogen. 

6. What remarkable series of compounds does nitrogen form with 

oxygen ? Why is it remarkable ? 

7. Describe the properties of protoxide of nitrogen. 

8. How may protoxide of nitrogen be distinguished from oxygen ? 
9*. What is the effect of breathing nitrous oxide gas ? 

10. How may nitrous oxide gas be prepared I 

11. Explain fully the decomposition of nitrate of ammonia by heat. 

12. How may binoxide of nitrogen be procured ? 

13. Explain the decomposition in words. 

14. State the same in symbols and by diagram. 

15. Name some of the properties of nitric oxide gas. 

16. What is its most useful property ? 

17. How may hyponitrous acid be prepared, and what are its pro- 

perties } 

18. What are the properties of nitrous acid ? 

19. How is nitrous acid prepared ? 

20. Give the symbol and equivalent of nitric acid. 

21. How is nitric acid obtained ? Give the formula of the process-. 

22. State the properties of nitric acid. 

23. What is the real composition of nitric acid I 

24. How has anhydrous nitric acid been obtained, and what are 

its properties ? 

25. Name some of the uses ef nitric acid. 

26. How does nitric acid generally occur in nature ? 

27. How is the presence of nitric acid in rain water accounted for ^ 
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CHAPTER IX. 

A.TM08PHEBIG AIB. 

1. Air 18 the transparent, cok)rlesB, invisible, and elastic 
fluid, which everywhere anrrounds the globe, extending 
above its surface to the height of from 40 to 50 miles. 

2. The air was formerly supposed to be a simple body, 
bat is now known to be a medianical mixture of several 
gases, the most abundant of which, are oxygen and nitro- 
gen : besides these, it contains carbonic acid ^gas, and 
watery vapor, as well as traces of nitric acid and ammonia. 

3. The quantity of these last named bodies present in 
the air, being dependent on local causes, varies considerably ; 
not BO with the oxygen aiid nitrogen. Air brought from 
great heights and great depths, as well as from regions of 
the globe far distant from each other, always presents 
these gases, combined in a uniform ratio. 

4. Four-fifths of any volume of air are found to be 
nitrogen, and the remaining one-fifth, oxygen, or more 
exactly, 100 measures of air = 79*19 nitrogen + 20.81 
oxygen. 

5. Every 100 parts by weight of air contain 77 parts by 
weight of nitrogen and 23 of oxygen. The former of 
these numbers is not a multiple of 14, the equivalent 
weight of nitrogen, neither is the latter a multiple of 8, the 
equivalent of oxygen, as they would necessarily be, by the 
law of multiple proportions, if the air were a chemical 
confpound, and not a mere mixture of the gases. 

6. \ better idea of the relative proportions of the 
elemeiits of the air may be obtained by supposing ' the 
atmosphere to be of the same density throughout, and its 
elements arranged in strata according to their specific 
gravities. '* In such a case, the atmosphere would be five 
miles in height. The greatest quantity of watery vapor 
would, if condensed, form a layer or stratum of water about 
five inches deep ; the layer of carbonic acid, next above. 
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would be about thirteen feet deep ; that of oxygen, one 
mile ; and that of nitrogen, four miles." 

7. The chemical properties of the air are chiefly those of 
the oxygen it contains. It is this gas, diluted and weakened 
in its energetic influence by four times its bulk of nitrogen, 
which renders atmospheric air the universal sustainer of 
animal and vegetable life. 

8. The nitrogen in the air is not only useful, by diluting 
the oxygen as just stated, but also by increasing the bulk 
of the atmosphere without giving it any active chemical 
properties. " By this increase in the volume of the 
atmosphere, provision is made for the occurrence of winds, 
the diffusion of heat, the tempering of climate, and other 
useful ends essential to the welfare of man.** 

9. The atmosphere is the great conductor of sound 3 
vtdthout it there would be perfect silence everywhere. It 
also refracts and reflects the rays of light ; were there 
no atmosphere, there would be total darkness, except just 
at the spot on which the sun was shining. 

10. The presence of oxygen in the air is shown by the 
products of combustible bodies when burned in it being 
exactly similar to their products when burned in pure 
oxygen. Thus, hydrogen burning in the air becomes 
water, the oxide of hydrogen ; iron exposed to damp air 
becomes oxidised or rusted. 

Ex. a, — Take a tube graduated or divided into a hundred equal parts, 
and place it mouth downwards on the shelf of the pneumatic trough. 
Fasten a piece of phosphorus to a stiff wire, and pass it up into the 
jar« and leave it so without disturbing it for 12 hours or more. The 
phosphorus will slowly combine with the oxygen of the air forming 
phosphoric acid, POj, while the water will rise in the tube, and on 
drawing out the phosphorus, will be found to occupy 21 dfyisions, 
leaving 79 divisions filled with nitrogen. This is the plan already dev 
scribed for obtaining nitrogen, only the decomposition in that case 
was more speedy in consequence of the ignition of the phosphorus, 

1 1 . If oxygen and nitrogen in their proper proportions 
of one to four be mingled in a receiver, we obtain an arti- 
ficial air having the same properties as natural air. Air is 
thus shewn to be a mechanical mixture, and not a chemical 
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compound, for none of the properties of its constitQent 
elements has been changed, and no diminution of vo- 
lume has taken place, though one, if not both, of these 
results occur in every case of chemical combination. 

12. The thorough intermingling of thegaseous elements, 
which causes the air to have everywhere the same uniform 
composition, is brought about by what is called the law of 
gaseous diffusion, 

13. The operation of this law may be shewn thus : — 

Ex, b. — Let two vessels be placed one above the other, 
and connected by a narrow tube of convenient length, fig. 
29. Let the lower vessel be filled with carbonic acid gas, 
(see page 67, § 7), and the upper one with hydrogen. 
After a short time the carbonic acid, though twenty times 
heavier than the hydrogen, will be found to have ascended 
into the upper vessel ; while hydrogen will have descended 
into the lower one, — a complete intermingling of the two 
gases having taken place, against the action of gravity. 

14. All gases possess this property of diffusing 
into each other, although at different rates of 
velocity, d^epending on their density : the lighter 
the gas, the more rapid is the diffusion, and 
consequently, a larger volume of the lighter gas 
passes in one direction, than of the heavier gas 
in the other.* 

15. The effect will be produced, even though ^-^d* 
a piece of bladder, sheet India rubber, or some similar 
barrier intervene. 

Ex, c. — ^Take a piece of wide glass tube ten or twelve inches long, 
and close one end with a plug of plaster of Paris, about half an inch 
thick, and well dried. Fill the tube with hydrogen by displacement, t. e, by 
holding it over a jet of the gas from a bladder, or from the generating 
bottle, fig. H; and then set it mouth downwards, upright in a glass of 
water. The gas will be so rarefied by its diffusive power, being 
greater than that of common air, that the water will rise in the tube 

• •< The replacing volumes of the gases, and consequently the velo- 
cities of their diffusion, are inversely as the square roots of their 
densities." — Wilson. 
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•ereral inches above the level of the water in the glass ; for the light 
hydrogen has escaped faster than the heavier air could descend 
throvgb the plaster of Paris to supply its place. 

16. The foul air producd by animal respiration as well 
as that arising from numerous other sources of contamina- 
tion, is perpetually removed by diffusion, and the atmo- 
sphere is thus preserved pure and respirabfe. 

£X£R6iS£S on chapter IX. 

1 . What is the air ? 

2. Of what is the air composed ? 

3. What is ipeant by the uniform composition of the air? 

4. State the proportions by volume of oxygen and nitrogen in the 
air. 

5. What are the proportions by weight of the constituent gases of 
the air ? What may be inferred from these proportions ? 

6. Illustrate the relative proportions of watery vapor, &c. found in 
the air. 

7. On what do the chemical properties of the air chiefly depend ? 

8. Of what use is the nitrogen in the air ? » 

9. How does the atmosphere inffuence light and sound ? 

10. How may the presence of oxygen in the air be proved ? 

11. How may air be formed artiflcially ? How may air be shewn to 
be a merely meehanical mixture ^ 

12. How is the uniform eomposiiion of the air secured ? 

«3. How may the diffusive power of different gases be illustrated > 

14. State the law of gaseous diffusion. 

15. Illustrate the different velocities with which gases diffuse into 
each other. 

16. What benefits result from the diffusive power of gases ? 



CHAPTER X. 

CAEBOK, 

Symbol C. Combining equivalent 6. 

1. Carbon is an elementary non-metallic body, widely 
diffused throughout nature, both in a free state and in 
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combination with other elements. It is solid, tasteless, 
inodorous, and absolutely infusible by any degree of heat 
at present known. 

2. The purest and at the same time rarest form in which 
carbon occurs, is that of the Diamond. The diamond is 
carbon in a crystallized state ; it is highly transparent and 
brilliant, and the hardest substance known. Diamonds are 
found in Golcouda, Brazil, Peru, the West Indies, and the 
Uralian mountains. 

3. Graphite** or, as it is sometimes called, plumbago, 
is another variety of nearly pure carbon, having a metallic 
appearance, and containing a very small proportion of 
oxide of iron in a state of mixture. It occurs in veins, 
mostly among primitive rocks, in Cumberland and various 
other parts of the world. 

4. Graphite is also frequently termed black-lead, but it* 
contains no lead whatever. On account of its power of 
sustaining great heat without change, crucibles are frequently 
made of it ; but its best known use is for making drawing- 
pencils, for which only the finer and softer kinds are em- 
ployed ; the coarser varieties are used to give lustre to 
iron, as stoves, &c., or to lessen the friction of machinery, 
instead of oil or grease. 

5« Anthracitef is a third form of nearly pure carbon. 
It is slowly combustible, but without flame, hence it has 
been called blind coal ; another name for it is glance coal, 
from the German fflanz (lustre), because of its shining 
surface. 

6. There are several artificial varieties of charcoal em- 
ployed in the arts, such as wood-charcoal, animal-charcoal, 
coke, and lamp-black. 

7. Common Wood charcoal is made by piling logs 
of wood in a conical heap, covering them with turf and 

• Graphite, from ypaipia, grapho, I write, 

t Anthraeiie, from avOpcij anthrax^ chuco»!U 
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mould, and burning the mass slowly, small openings being 
left here and thera to admit a little air. 

£x. a.^Take a test tube fitted with 
a- corky and a piece of glass tube or 
tobacco-pipe, put into it a few chips of 
wood and heat tliem over a lamp, the 
gaseous constituents of the wood, 
oxygen and hydrogen, with a little 
carbon, will be driven off in the form 
of Tapor of water and inflammable 
gas, which latter may be ignited, as in 
fig. 30,^ while the charcoal remains be- 
hind. 

8. Animal Charcoal, called 
also bone-black, or ivory-black, 
^^' ^' is a form of carbon, combining 

much mineral matter, obtained by heating bones and other 
animal substances in a retort, so long as any volatile pro- 
ducts are given off. 

9. Animal substances consist of oxygen, hydrogen, 
nitrogen, and carbon, combined virith various earthy mate- 
rials ; when exposed to a high temperature, out of contact 
with the air, the gases are given off in different states of 
combiuation, and the carbon remains mixed with the 
mineral matter, principally phosphate of lime. If, how- 
ever, the animal substances be heated in contact with the 
air, the carbon also will be burned away, leaving only a 
white earthy mass behind, as may be seen by heating a 
bone in an open fire. 

It is this earthy matter which gives to bones their hard- 
ness and rigidity. 

10. Coke is the black, porous mass left after heating 
coal in retorts,^ with the air excluded, as is done in the 
manufacture of illuminating gas» 

Coke ignites* with difficulty, but gives out more heat 
when burning than an equal bulk of any other fuel. 

11. Lamp-blaok is the soot or condensed smoke arising 
from the imperfect combustion of tar, resin, and other in- 
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flammable substancea containing hydrogen and carbon, with 
a limited supply of air. It is well known that an oil or 
camphine lamp, turned up too high or having an insufficient 
draught of air, smokes ; this smoke, unless carried away 
by currents of air, condenses, and falls all round in 
•• blacks." Lamp-black is much used in the manufacture 
of black pigments, such as printers' ink^ Indian ink, Frank- 
fort black, &c. 

12. Charcoal is a very indestructible substance, since at 
ordinary temperatures it is scarcely at all aflfected by air 
or moisture. Wooden stakes or piles are rendered more 
durable by slightly burning or charring their surface be- 
fore driving them into the ground; 

Id. Charcoal possesses in a remarkable degree the 
power of absorbing gases, and retaining them in large 
quantities. This property of absorption varies with diffe- 
rent kinds of charcoal. 

Ex. b. — Fill a fftnall jar or phial with the gas or fumes of ammonia, 
and place in it a piece of newly-burned charcoal, and close the jar. 
After a few hours the whole of the ammonia will have been absorbed — 
no odor remaining. Box-wood charcoal is found to absorb ninety 
times its bulk of ammoniacal gas in twenty-four hours. 

14. Intimately connected with this property of absorbing 
gases is the power which charcoal possesses of removing 
offensive odors and checking putrefaction. 'It is a power- 
ful antiseptic* 

The decay of meat and vegetables may be retarded by 
packing them in cl^arcoal. 

By charring the insides of casks, water may be kept a 
long time in them without spoiling. 

The disagreeable scent attaching to clothes and other 
articles, from damp sea voyages, diseases, peculiar medi- 
cines, occupations, &c., may be removed by wrapping 
them for a few hours with some pieces of animal charcoal. 
The same substance forms also a valuable tooth-powder. 

* Antiseptic, from avrc, anti, against, and criinivy se-petn^ to cor- 
rupt. 
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15. Animal charcoal, and especially that variety termed 
bone-black, possesses an extraordinary power of removing 
coloring matters of animal or vegetable origin from their 
solutions. It is largely used by sugar refiners, who deprive 
brown sugar of its color by boiling it with charcoal made 
from charred blood, or filtering it through a layer of that 
substance coarsely pounded. 

Wood-charcoal has very little decolorizing power. 

Ex. c-^FoId a piece of filtering paper or white blotting paper, so 
as to fit into a funnel. Fill it two-thirds fnll of bone-black, and let 
some water, colored with a few drops of black or red ink, filter 
through. The liquid will be rendered coloriess. 

Ex. d. — The charcoal acts more powerfully if heated with the 
liquid to be bleached. Boil common -vinegar, some syrup of brown 
sugar, or some beer with a few spoonfuls of bone-black, aU the color 
will be absorbed, and the liquid may be strained off clear. 

16. The affinity of carbon for oxygen at a high tempe- 
rature is very great. It deprives most metallic oxides of 
their oxygen, and of course brings them into the metallic 
state. An agent which thus brings out metals from the 
ore, is called a reducing agent, and the process is termed 
reduction. 

Em. e. — Mix 4 parts of red lead with 1 part of charcoid powder. 
Put the mixture into a crucible, or tobacco-pipe bowl, and stir them 
well together, so that the color may be a dirty brown. Put the cru- 
cible into a clear fire, and give it a red heat for a quarter of an 
hour; when sufiScienily heated, pour out the contents of the cnidble, 
and metallic lead will run from under the powder at the top. 

Ex./. — If 2 grains of powdered charcoal and 4 grains of chlorate of 
potass be carefully mixed in a piece of paper, then folded up, and 
placed upon an anvil — upon being struck by a hammer a violent deto- 
nation will take place. 

N.B. It is by no means easy to pulverize charcoal when cold ; 
therefore, when pounded charcoal is wanted, use a piece out of a 
charcoal fire, or burn a stick in an ordinary fire, cutting ofiT the ignited 
portions. 

17. Charcoal, on the other hand, appears to exert an 
oxidizing effect upon the gases and vapors it absorbs. 
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This effect is not /produced bat only induced by the 
charcoal which condenses the gases within its pores, and 
brings them into closer contact with oxygen, causing them 
to lose their characteristic properties, and form new com- 
binations. 

Ammonia, for example, changes into nitric acid, and sul- 
phuretted hydrogen into sulphuric acid. Thus : — 

NH,4-80 = N06+3HO. 
2HS+80 = 2SO3+2HO 

18. Charcoal, saturated with ill-smelling and offensive 
matters, as already mentioned, may be advantageously used 
for manure, fertilizing the soil with which it is mixed, and 
gradually yielding them as valuable nourishment to grow- 
ing plants. 

19. Carbon affords a good example of one substance 
appearing under different forms and possessing different 
properties. It is sometimes amorphous or shapeless, as in 
coke ; or crystallizing under two incompatible forms (dimoT' 
pAous), as in the diamond and in graphite. The property, 
which several elements have, of thus assuming different 
forms is termed allotropic, from aXXor^ocrof, changeable. 

EXERCISES ON CHAPTER X. 

1. State the symbol, combining equivalent, and general properties 

of carbon. 

2. Describe the purest form of carbon. 

3. What is graphite ? and where is it found ? 

4. For what is graphite used ? 

5. What is anthracite ? 

6. Name some artificial varieties of carbon. 

7. How is common wood- charcoal prepared ? 

8. What is animal charcoal ? 

9. Explain the process for obtaining animal charcoal. 

10. What are the nature and properties of coke 

11. Describe the nature and uses of lamp-black. 

12. Illustrate the indestructibility of carbon. 

13. What is meant by the absorbent power of charcoal f 
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14. 'Whence do the preservative properties of charcoal arise ? Gire 

illastrations. 

15. Illustrate the decolorizing power of charcoal. 

16. How does charcoal act as a reducing or deoxidizing agent 

17. In what manner does charcoal exercise an oxidizing power ? 
Give examples. 

18. How may charcoal, impregnated with offensive odors, &c.» be 
made useful ? 

19. What is meant hy the term aUoiropic ? 



CHAPTER. XI. 

COMPOIWDS or CABBON. 

1. Cabbok unites with oxygen in two proportions^ 
forming two inorganic compounds of great interest, viz. : — 

Carbonic oxide, symbol CO ; equivalent 14. 
Carbonic acid, symbol CO2 ; equivalent 22. 

2. Carbonic Acid (CO2) is a colorless, inodorous gas, 
soluble in its own bulk of water, and about one and 
a half times as heavy as common air. It has a slightly acid 
taste, and reddens vegetable blues, but the blue color 
returns as the acid volatilizes. It extinguishes burning 
bodies, and is fatal to animal life. 

3. Carbonic acid exists abundantly in nature. In the 
gaseous state it forms ysW^^ P^^ ^^ ^^^ atmosphere ; it is 
in solution in most spring water, and in some mineral 
waters to a considerable degree ; it is found in the largest 
quantity, however, in solid combination with lime, mag- 
nesia, &c., for it is a constituent of all chalk, limestone, 
marble, coral, and shells. 

4. Carbon and oxygen, as already stated, do not appear 
to combine by direct action at common temperatures : but 
compounds which contain carbon, when undergoing the 
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process of fermentatioD, yield a large qnantity of carbonic 
acid. It is given off by plants during darkness ; and is a 
constant product of respiration, of animal and vegetable 
putrefaction, and of combustion. 

5. Carbonic acid may be formed (synthetically) by the 
combustion of any substance containing carbon ; the 
several bodies named in the preceding chapter are shevm 
to be carbon from their each producing carbonic acid vrhen 
burned. 

Ejf. a. — ^Bum charcoal in oxygen gas, as 
directed on page 27, carbonic acid will be 
generated. 

Ex. b. — Hang a lighted taper in a bottle 
filled with common air, so long as it will bum. 
The carbon of the candle will have united 
with the oxygen of the air to form carbonic 
acid. 

6. The presence of free carbonic 
acid may be tested by lime-water, 
with which it combines to form an insoluble carbonate of 
lime or chalk, Ca COj. 

Ex. c. — On removing the candle from the jar in the last experiment, 
pour in a little lime-water, and having closed the top of the jar,* 
shake it well, the transparent lime-water will soon become milky, from 
the formation of carbonate of lime. 

Ex. d. — ^Place a spoonful or two of fresh lime into a pint of rain- 
water, and let it stand for some hours, occasionally shaking it : the 
water will dissolve some of the lime and form the lime-water alluded 
to in the last experiment. After it has settled, pour off the clear 
liquid into a stoppered bottle, and keep it for future use. 

Breathe through a tube into a wine-glass of lime-water, and the 
characteristic milky appearance will prove the presence of carbonic 
acid. 

Ex. e. — Mix six grains of charcoal with 216 grains of red oxideof 




Fig. 81. 



♦ If using a stoppered bottle, be careful not to close it with the 
stopper, otherwise, on the absorption of the gas by the lime-water, the 
atmospheric pressure will fix the stopper, and render its removal 
diflicolt. 

f2 
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mercury, and heat them 
in a test tube, receiving 
the gas as in the dia- 
-gram. This gas may be 
proved, by the taper 
and lime-water tests, to 
be carbonic acid. Had 
the oxide of mercury 
been used alone, oxygen 
■would have been given 
off, as on page 24; under 
the present arrangement, 
however, instead of es- 
caping, it combines 
with the carbon, form- 
ing carbonic acid, leav- 
ing the metallic mercury 
behind. 
2HgO-f-C=2Hg-fCOj. 




7. Carbonic acid is generally obtained (analytically) 
tbrough the decomposition of a carbo- 
nate by tbe addition of an acid. 

Fragments of chalk or marble (car- 
bonate of lime) are to be placed in such 
a bottle as was nsed in preparing hy- 
drogen ; and hydrochloric acid diluted 
witb water is then to be poured slowly 
down the funnel. Carbonic acid gas 
will be rapidly evolved,, and may be 
collected as usual. 
CaO,C03+ HCl = CaCl + HO + COj. 

Ex. /.—-Pour a little hydrochloric acid 
upon some pieces of chalk in a large- mouthed 
jar, effervescence arises from the escape of 
carbonic acid, which, on account of its den- 
sity, will remain for some time in the jar : 
plunge a Ughted taper into the gas, it will he 
immediately extinguished. 

Es. g. — Suspend a lighted taper in a jar, 

iHj ^ iji or, what is more striking, place several pieces 

j^jT^^]^ at different depths, and then, having pre- 

' viously filled another jar A with carbonic 

Fig. 34. acid, either at the pneumatic trough, or 
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by displacement, pour the gu fisoin it as in the diagram, just as you 
would pour water,the tapers will be successively extinguished as the 
carbonic acid rises in the jar. • 

The experiment may be varied by ladling the carbonic acid from the 
jar in which it was prepared in the preceding experiment^ into that in 
which the tapers are, with a small glass 
or tumbler for a ladle. Also by placing 
the delivery tube of the generating ap- 
paratus, fig. 33, so as nearly to reach the 
bottom of the jar B. 

8. Owing to its great density 
or weight compared with common 
air, carbonic acid may be collected 
by displacement, as just shewn, 
that is by occupying -the space 
previously filled by air, in the 
same way that water does when 
poured into an apparently empty 
Ycssel. For the same reason, it 
diffuses hut slowly in the atmos- 
phere, and is hence apt to remain 
a long time in old wells, brewers* 
vats, cellars, &c., and has frequently proved fatal to persons 
who have incautiously descended into such places. \Choke' 
damp,) 

9. Fatal accidents occur not unfrequently from inhaling 
the fumes of charcoal, burned in close, ill-ventilated rooms. 
These fumes consist of carbonic acid, mingled with car- 
bonic oxide, both gases being active poisons. Carbonic 
acid being a product of respiration, persons staying long 
in crowded apartments where there can be no current of 
air, will be destroyed by the accumulated gas, as in the 
well-known case of the Black Hole in Calcutta. 

10. Carbonic acid does not, like nitrogen, cause death 
simply by excluding oxygen, and thus producing suffoca- 
tion, but it is in itself a narcotic poison. Air containing a 
proportion of the gas insufficient to extinguish flame, will 
produce fatal effects if long breathed, gradually inducing 
stupor, insensibiUty, and death. 




Fig. 86. 
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11. In order to resuscitate persons who have been 
exposed to the poisonous action of carbonic acid, cold 
water should be freely dashed upon them, their bands also 
and feet should be briskly rubbed, until proper assistance 
can be obtained. 

12. In many places, where quantities of materials con- 
taining carbon are undergoing decomposition, streams of 
carbonic acid gas issue from the earth, particularly in the 
neighbourhood of volcanoes. There is a cave near Naples, 
the lower part of which is covered with a stratum of this 
gas, which proves fatal to dogs and small animals who are 
immersed in it, while men may walk upright without 
danger. The Poison Valley in the island of Java is a 
valley surrounded with mountains, and filled to a considerable 
depth with this deadly gas. 

13. Carbonic acid may readi- 
ly be decomposed by heating a 
little potassium in an atmo- 
sphere of the gas. This may 
be done in a 4*7 flask, filled 
with carbonic acid, by displace- 
ment ; or as follows : — 

Ex. h. — Adapt to the delivery tube 
of a generating bottle. A, a piece of 
a wider tube, or still betttf, one 
with a bulbr B. blown in it. Place 
some pieces of chalk in the gas bottle 
^^^' ^' and pour over them some diluted hy- 

drochloric acid ; place also a globule of potassium in the bulb B. When 
the carbonic acid gas is passing over, apply a lamp, as in the diagram. 
The potassium will fuse and presently ignite, abstracting oxygen from 
the gas and leaving the black qarbon plainly visible. 

2K+COs = 2KO+C. 

14. When subjected to a pressure of about 36 atmos- 
pheres = 36X15 = 5401bs. per square inch, carbonic acid 
gas becomes a liquid hghter than water. The experiment 
is necessarily made in specially constructed yessels, gene- 
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rally of cast-iron. The liquefied gas, on being allowed to 
escape from the yessel in which it was formed, instantly 
returns to its gaseous condition, while a portion is imme- 
diately frozen by the cold produced by the rapid evapo- 
ration. A spirit thermometer placed in the jet of gas will 
sink to — 90® F., and if a little ether be previously placed 
in the vessel, its vapor issuing with the gas will cause the 
temperature to sink to — 194° F., the greatest degree of cold 
yet witnessed. 

15. Carbonic oxide, CO, is a colorless, inodorous, taste- 
less gas, but slightly soluble i^ water, and fatal to animal 
life. It will not support combustion, but bums, in the 
presence of oxygen, with a blue lambent flame> carbonic 
acid being the product of the combustion. 

16. Carbonic oxide may be obtained by passing carbonic 
acid through red-hot charcoal 3 the carbonic acid is de- 
composed, and yields half its oxygen to the burning 
carbon, C0j+C=2C0. 

17. This takes place in an ordinary fire. The coal at 
the bottom of the grate, where the air is plentiful, receives 
its full supply of oxygen, and becomes carbonic acid : the 
heated fuel above, where the quantity of air is Umited, 
takes half the oxygen from this carbonic acid, and reduces 
it to the state of carbonic oxide, which passes to the top 
of the fire, and there, where air is once more abundant, 
burns with its characteristic blue flame,* being again con- 
verted into carbonic acid. The several steps may be shown, 
as follows : — 

1st step, C+20= CO2, at the bottom of the grate 
2nd step, COj-f. C = 2C0, passing through the fire. 
3rd step, 2C04.20=2CO„ on the top of the fire. 

18. Carbonic oxide may be obtained by heating a car- 
bonate such as chalk, with iron filings, or with charcoal; 

♦ It may be readily observed in a charcoal stove, or when an ordi- 
nary fire is burning clear or frosty, as it is sometimes termed. 
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in either case the carbonate is decomposed, the iron or the 
charcoal absorbing a portion of the oxygen from the car- 
bonic acid. 

Thust—CaCOj+Fe = Ca+FeO+CO. 
or CaCOj+C = Ca+2C0. 

19. The most convenient mode of preparing cvbonic 
oxide is by gradually heating some oxalic acid, CsOs.HCH- 
2H0, in a large retort, with about five or six times its 
weight of strong sulphuric acid. The oxalic acid is de- 
composed into car- 
bonic acid, carbonic 
oxide and water j 
by passing the gases 
through lime-water 
in a Woulfe's bottle, 
the carbonic acid 
may be absorbed, 
leaving the carbonic 
oxide to be received 
at the trough in the 

Pig. 87. usual way. 

20. The reaction arises as follows : — Oxalic acid contains 
one equivalent of carbonic oxide, one equivalent of carbonic 
acid, and three equivalents of water : moreover the acid 
cannot exist except in combination with water or some 
base ; the strong sulphuric acid deprives it of its water 
of crystallization, and the gases are immediately set free ; 
thus — 

(C303,HO+2HO)+HO,S03=(HO,S03+3HO)+C02+CO. 

21. Pure carbonic oxide may also be obtained by 
heating ferrocyanide of potassium, KaCfy+SHO or Kj, 
CeNj Fe + 3H0, with eight or ten times its weight of 
strong sulphuric acid.* 

* Cfy 18 a short symbol for Ferrocyanogen, a compound of 3 equiva- 
lents of cyanogen, CsN, and 1 equivalent of iron, Fe. 
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The decomposition is as follows : 

leq. Ferrooyiuudeof) ( « "l- Snlptate of Potaw. 
P ta • ( = <^ ^^* Sulpliate of Ammonia. 

6 eq. STdlhj^r^id. r ^^•^^^t^^^P^^t^^"^^^- 
^ ^ J ^6eq. Carbonic Oxide. 

or expressed by symbols, thus : — 

(K^C6N3Fe+3HO)+6(HO,S03)= 
2k0,S08+3NH3,S03:l-Fe0,S03+6C0. 

Ex. t. — ^For small experiments, the gas may be readily prepared in 
a test tube, by covering a little oxalic acid with oil of vitriol, and 
beating them together ; on the gas rising, it may be ignited at the 
end of the tube, as in fig. 30. 

EXEKCISES ON CHAPTER XL 

1. Name the principal compounds of oxygen and carbon. 

2. State the properties of carbonic acid. 

3. Name some natural combinations of carbonic acid. 

4. How is carbonic acid generated in nature ? 

5. Illustrate the synthetical formation of carbonic acid. 

6. What is a test for the presence of free carbonic acid ? 

7. Give some analytical process for obtaining carbonic acid. 

8. What consequences arise from the great density of carbonic 

acid > 

9. What are the injurious effects of ill-ventilated rooms ? 

10 How does carbonic acid differ from nitrogen in causing the 
death of those who inhale it ? 

11. What' means of restoration should be employed in the case of 

persons poisoned by carbonic acid gas ? 

12. Where may quantities of carbonic acid gas be found free in 

Nature ? ^ 

13. How may carbonic acid be decomposed ? 

14. Explain the liquefaction and solidification of carbonic acid gas. 

15. State the properties of carbonic oxide. 

16. How may carbonic oxide be obtained? 

17. Describe the process of combustion in a common fire. 
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18. Explain the mode of obtaining carbonic oxide from a mixture 

of chalk and iron filings. 

19. Describe the process of obtaining carbonic oxide from oxaKc 

acid. 

20. Describe the reaction that takes place on the decomposition of 

oxalic acid. 

21. How may carbonic oxide be obtained without any mixture of 

carbonic acid ? 



CHAPTER XII. 

CARBON AND ITS coMPOUiffDS — Continued, 

1. Carbon combines vith Hydrogen to form a very 
numerous class of compounds, termed Hydro-carbons, 
which are all highly combustible. Most, if not all, of 
these belong strictly to organic chemistry, inasmuch as 
they always arise from the decomposition of organic 
bocUes. 

2. Two of these hydro-carbons, however, exist ready- 
formed in nature, viz. : — 

Light CarbnrettedHydrogen, {marsh-ffas, or fire-damp,) 
CH2=8. 
Heavy Carbnretted Hydrogen»(o^/?an<-^a£,) €« H4=28. 

3. Light Carbnretted Hydrogen is a colorless, tasteless, 
and nearly inodorous gas, about half as heavy as common 
air, and but slightly soluble in water. It' cannot support 
respiration, though it does not appear to be actually 
poisonous 

4. Like pure hydrogen, the light carbnretted hydrogen 
will not support combustion ; but unlike that element, 
which may be inflamed by a red-hot wire, it cannot be 
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ignited till raised to a white beat, when it burns with a 
yellowish flame': the products of its combustion in com- 
mon air, being watn* and carbonic acid ; thus — 

CH^40=:C02+2HO. 

5. Light carbaretted hydrogen is formed abundantly in 
the mud of stagnant pools and marshes, by the decompo- 
sition of vegetable matter under water, hence it has been 
named marsh gas, 

6. It may be obtained ^m this source by stirring up 
the mud at the bottom of a pond, and collecting the 
bubbles of gas, as they rise, in a jar or bottle filled with 
water and inverted over them. The gas thus procured is 
almost alway,s mixed with a little carbonic acid and nitro- 
gen, arising from the decaying vegetable matter. The 
carbonic acid can be removed by agitating the gas in a 
bottle with lime-water, while the small quantity of nitrogen 
will not interfere with the exhibition of the pecuhar pro- 
perties of the marsh-gas 

7. As coal is without doubt a substance of vegetable 
origin, it is not surprising that light carburetted hydrogen 
is frequently found in coal mines, issuing from fisssures 
in the strata or seams of coal, in consequence of the de- 
composition of that mineral. 

8. When mingled with from six to fourteen times its 
bulk of air, it forms the dangerously explosive mixture, 
termed by the miners. Fire-damp* 

Carbonic acid, as already stated, is produced by the 
combustion, so that those miners who escape the immediate 
effects of the fire or the shock, are often suffocated by this 
poisonous and deadly gas, known by the miners as the 
after McLst or ehoke-damp. 

9. Light carburetted hydrogen may be obtained in 
purity by strongly heating in a retort or flask a mixture of 
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2 parte of crystallized acetate of soda (NaO,C4H30s,+6HO), 
2 parte of solid hydrate of potass or caustic potass (KO,HO), 
and 3 parte of quicklime in powder, CaO. 




Fig. 38. 

The gas, which is disengaged in ahundance, may be 
collected over water, as usual. 

10. The acetete of soda is first rendered anhydrous by 
the heat, and then decomppsed, the elements of each equi- 
valent of acetic acid uniting with the oxygen and hydrogen 
of one equivalent of water and rearranging themselves into 
two equivalents^ of carbonic acid, (which remain in the 
retort combined with the potass and soda,) and two equi- 
valents of light carburetted hydrogen. The use of the 
lime would seem to be to prevent the hydrate of potass 
from attecking and fusing the glass vessels. 

The reaction may be expressed in the following formula : 

]S[aO,C4H80,+K(>,HO=NaO,COa-*-KO,CO,+2CHj. 

£!r. a.— Fill a capped glass jar with the gas, screw a jet into the 
stop-cocky and depress the jar into the water of the pneumatic trough, 
so as to force a stream of gas through the jet. Endeavour to inflame 
the gas by a red-hot wire, it will be found impossible to do so ; apply 
a lighted taper, and the gas will burn with a pale flame, owing to the 
comparatively little carbon it contains (see page 34, § 16). 

J2r. 6.— Perform a similar experiment with hydrogen and carbonic 
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oxide, and observe that each of these gases inflames readily at a red 
heat. 

Ex, c, — An impurelight carburetted hydrogen is obtained from wood 
by simple heating. For this purpose sawdust or bits of shavings 
may be heated in ti test-tube, and the gas burned in a jet, as fast as it 
is formed ; fig. 30. The flame is more luminons on account of the 
gas being mixed with heavy carburetted hydrogen, &c. 

11. Heavy Carburetted Hydrogen, C4H4, is frequently 
termed Olefiant* gas, from its property of forming an 
oily liquid when mixed with an equal volume of chlorine, 
even in the dark. The substance so formed is termed Butch 
hqutd, from having been discovered by some Dutch chemists; 
it is a heavy, volatile, colorless liquid, possessing a sweetish 
taste and an agreeable odor. Its symbol is C4H4CI2. 

12. Olefiant gas is prepared by mixing strong alcohol 
or spirits of wine in a large flask or retort, with five or 
six times its weight 
of sulphuric acid, and 
applying heat. At 
first alcohol, and then 
ether, distil over ; but 
as the temperature 
rises, the ' mixture 
darkens, and gaseous 
products are evolved 
in abundance. These 
are olefiant gas, car- 
bonic acid, and sul- Tig. 39. 

phurous acid ; the two last-named substances may be re- 
moved by passing the mixed gases through lime-water, 
as they come from the retort, or by allowing them to stand 
over water for some time. 

13. Ether and alcohol mayl)e regarded (theoretically) 

• Olefiant— o^act^/, oil-making, from oleumt oil, and facto, I 
make. 
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as compounded of one equivalent of olefiant gas and one 
or two equivalents of water ; thus — 

Olefiant gas = C4H4. 

Ether C4H,0 = C4H4+HO. 

Alcohol C4HeO,= C4H4+2HO. 

14. A mixture of sulphuric and alcohol forms a pecaliar 
compound (Sulphovinic acid, C4H40,2SOa + HO), which 
is readily decomposed hy heat, yielding different products, 
according to the temperature employed. 

If the mixture hoil at a temperature — 

Below 260^ the alcohol distils over unchanged. 

Between 260^ and 310°, ether and hydrated sulphuric 
acid are formed. 

Above 320°, olefiant gas, &c. are produced as above 
mentioned. 

15. These changes maybe explained by the affinity sub- 
sisting between sulphuric acid and water. When alcohol 
is heated with excess of sulphuric acid, so as to raise the 
boiling point above 320°, the acid separates the water from 
the olefiant gas, and the latter is given off. 

C4H,0,+HO,S03=C,H4+HO,S03 + 2H0. 

The blackening of the mixture results from a secondary 
action of the sulphuric acid upon a portion of the alcohol, 
by which carbonic and sulphurous acids with other pro- 
ducts are fornied while some of the carbon is deposited. 

16. Olefiant gas is colorless and tasteless, soluble in 
about 8 times its bulk of water, and somewhat lighter than 
atmospheric air; It is fatal to animal hfe, and very com- 
bustible, burning with an intensely bright flame. When 
exposed under pressure to a degree of cold 1 66° below 0° 
it can be condensed into a transparent, colorless liquid. ^ 
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17. The light emitted by ordinary coal-gas is due to 
the olefiant and light carbaretted hydrogen which it con- 
tains : its illaminating power being in proportion to the 
quantity of the former. Various volatile hydro-carbons 
increase the luminosity of the flame, and give to the gas a 
peculiar odor. 

18. Gas for illuminating purposes IS generally prepared 
from bituminous coal, by subjecting it to destructive dis- 
tillation in cast-iron retorts maintained at a bright red 
heat. 

19. A variety of gaseous and vaporous products are 
given off during the process, the chief of which are defiant 
gas, light carburetted hydrogen, sulphuretted hydrogen, 
carbonic acid, ammonia, and tar, while the carbon of the 
coal remains in the retort in the form of coke. 

20. The amount and character of products just men- 
tioned vary in proportion to the temperature to which the 
coal, &c., is exposed. The gases become more abundant 
with an increase of heat, but less valuable, on account of 
their losing carbon, and therefore burning with a less lumi- 
nous flame. 

21. Coal gas, as it issues from the retorts, cannot be 
directly employed for illumination, since it contains pro- 
ducts highly offensive to the smell, as w6ll as some that 
would condense and block up the pipes through which 
they might have to pass. 

22. The gas, &c., on leaving the retort, is received in a 
large horizontal pipe half filled with water {the hydraulic 
main) ; from this it is made to traverse a series of iron 
pipes kept constantly cool {the refrigerator), till it reaches 
a vessel termed the condenser ; during this course the am- 
monia, tar, and other vapors have been condensed. 

23. From the condenser the gas passes onward into 
another chamber {the purifier), where it is forced through 
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a cream-like mixture of lime and water, which removes the 
sulpharetted hydrogen and carhonic acids. 

The gas, thus purified, is conducted into large reservoirs 
(^gasometers), whence it is 43onveyed by pipes to the spots 
where it may be required. 

24. A gas {oiUgcui) richer in heavy carburetted hydrogen, 
and therefore more valuable for illuminating purposes, may 
be obtained simply by dropping refuse oil, or resin, into 
red-hot retorts filled with coke. The gas so prepared is 
free from the sulphurous and ammoniacal compounds con- 
tained in coal gas, but the etpense of the materials has pre- 
vented its general adoption. 

25. According to Dr. Ure's statement, 

1 pound of good coal yields 4 cubic feet of illuminating gas. 
1 ,, „ resin „ lU „ „ „ „ 

1 „ „ oil or fat 15 „ ,„ „ „ 

26. The same author computes that an amount of light 
produced from wax for one shilling, would cost Z\d. from | 
tallow, l}d. from oil, and somewhat more than f d. from 
coal-gas. ' 

"One pound of mould candles (six to the pound), if | 
burned in succession, will last 40 hours ; 11^ cubic feet of i 
gas, burned at 500 cubic inches per hour, will give the 
same light for the same time." 

Ex. d. — ^Plaee a little coal at the bottom of 
a long test tube, and above it a loosely fitting 
plug of rag or paper rooistened with water ; still 
nearer the mouth of the tube place another plug 
moistened with sugar of lead. Heat the coal 
by a lamp or blow-pipe flame, it will be decora- 
posed; the first plug containing water will retain 
^^ ^^ the ammonia, the second will retain the sulphu- 

*^^^ ^^ retted hydrogen, and become black from the 

^^^ ^ salphuret of lead formed. The gas as it issues 

from the jet may be readily inflamed. 

Ex. d. — Fill the bowl of a common tobacco- 
pipe with coal-dust, cover it with sand or clay, 
Tig. 40. Aud place it in 4he fire; when hot, oarbu- 
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retted hydrogen gas will be eiK)lved, and may be lighted at the end of 
the stem of the pipe. 

Ear./. — Mix together 8 parts of oxygen and 1 of coal-gas Blow 
soap bubbles with the mixture, (as in ex. f. page 34), and inflame 
them by a candle ; they will detonate with a Tery loud report. 

Ex. g. — Mix together in a stout soda-water bottle 1 volume of coal 
gas and 10 of atmospheric air, cork the bottle and wrap it in a cloth to 
prevent accidents. Then uncork the bottle, and holding the mouth 
away from you, apply a flame to the mixed gases, explosion wll take 
place. This shows the care requisite in entering any apartment, in 
which an escape of gas has taken place, with a lighted candle. 

Ex. Ji, — ^Mix together in a tall glass jar 1 vo- \ 
lume of olefiant or coal-gas, and 2 of chlorine ; 
inflame them by a lighted candle, the result will 
be hydrochloric acid, with a deposition of char* 
coal. In this experiment the coal-gas is decom- 
posed, its carbon falls down, while its hydrogen, 
uniting with the chlorine, forms the acid men- 
tioned (chap. xvi). 

-Er. i. — Let a jar half full of olefiant gas be 
placed on the shelf of the pneumatic trough, and 
then filled up with chlorine gas. The gases will 
gradually unite, forming an oil-like substance. 




which floats on the water as it ascends in the jar. 
cause of the name olefiant. 



Fig. 41. 
This shews the 
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EXERCISES ON CHAPTER XII. 

1. "What are hydro-carbons ? 

2. Name the most important hydro-carbons. 

3. State the properties of light carburetted hydrogen ? 

4. What temperature is required for its ignition ? What are 

products of its combustion in common air ? 

5. Why has Jt been termed marsh-gas ? 

6. How may it be naturally obtained ? 

7. In connection with what mineral is it found ? 

8. What is meant hy fire-damp and choke-damp? 

9. How may marsh-gas be artificially prepared ? 

10. Describe the reaction that takes place in the above process. 

11. What are olefiant gas, and Dutch liquid ? Whence do they de- 

rive their names } 

12. How may olefiant gas be prepared ? 

13. Name some {theoretic) compounds of olefiant gas. 

Qt 
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14. State the peculiarities in the decompositioD of a mixtare of 
alcohol and tulphuric acid. 

15. How are the changes- observed in the production of olefiant gas 
to be accounted for ? 

16. State the properties of olefiant gas. 

17. To what is the illuminating power of coal^^^ due ? 

18. How is illuminating gas prepared ? 

19. What are the chief products of the destructive distillation of 
coal? 

20. What effect has the heat of production on the luminous qualities 
of coal-gas ? 

21. Why does coal-gas need purification ? 

22. How are the vaporous compounds in coal-gas removed ? 

23. Why is coal-gas passed through lime-water ^ 

24. How is oil-gas prepared, and in what respect does it difiter from 
coal-gas } 

25. State the comparative quantity of gas given from coal, resin, 
and oil. 

26. State the comparative cost of light produced from the com- 
bustion of different bodies. 



CHAPTER XIII. 



JTLAME. 

1. Flame is the combustion of gas or vapor raised to so 
high a temperature as to emit light as well as heat. 

2. Two conditions are necessary for illuminating flame, 
yiz. : — a sufficiently high temperature, and the presence of 
solid matter within the heated space. 

3. The temperature may be very high, when the light is 
feeble, as is seen in burning together pure oxygen and hy- 
drogen, the flame being scarcely visible in the day-time, 
though its heat is intense. (See Chapter V. §§ 15, 16.) 

4. The elements of wood, tallow, oil, illuminating gas, 
&c., with which oxygen unites in ordinary comhustion, are 
chiefly carbon and hydrogen ; the former of these escapes 
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into the air as carbonic acid, the hitter as water in the state 
of vapor. 

5. Ordinary flame is not a solid mass of fire, bat rather 
a hollow, luminous cone, in the centre of which there is no 
combustion. 

6. In the burning of a candle, (which affords one of the 
best flames for illustration,) the wax or tallow being first 
melted by the heat, rises in the wick by the force of capil- 
lary attraction : and although the wick suppUes some 
oxygen and hydrogen, by far the greater part of these is 
furnished by the decomposition of the wax or tallow, which 
bum in connexion with the oxygen of the air. The supply 
of heated Tapor diminishes as it ascends, and eventually 
ceases, and hence the flame of a candle tapers to a point or 
becomes conical. ^ 

7. A flame, if carefully observed, will be found to con- 
sist of three distinct parts, viz. : — 

A dark central space, h ; a highly luminous cone en- 
veloping it ; and on the exterior a second faintly luminous 
cone, aoy having a high temperature. 

8. The dark central space, in which there is no com- 
bustion, isfiUed with unbumed 
gas arising from the wick. 

E:r. a.—This may be proved by 
inserting one end of a small glass 
tabe ijito the dark portion of 
the flame of a large candle; the 
unburnt vapor will escape through 
it, and may be ignited at the other 
end of the tube. 

Ex. 6.~The fact that the flame 
is hollow may also be rendered ap- 
parent by stretching across it a fine 
iron or platinum wire, when the 
central portion of the wire will 
appear dark, while the parts near 
the exterior of the flame are raised 

g2 




Fig. 43. 
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to a white heat In this way we can readily aseertain where the tern* 
perature of the flam'e is greatest. 

Ex, c. — Hold a piece of wire gauze over 
the flame, and while combustion is going on 
only below, look down upon it and observe 
that in the centre there appears a dark spot, 
from which gas rises through the gauze, 
surrounded by a ring of light. 

. 9. The highly luminous coue sur- 
roundiug the dark centre consists of 
carburetted hydrogen, or iUuminating 
gas, the hydrogen of which bums/r*^. 
Fig. 43. while the great heat evolved raises 

the particles of carbon to a state of intense ignition. 

10. In the faintly luminous exterior cone, the carbon 
particles are consumed, forming carbonic acid with the 
oxygen of the air. • 

Ex. d. — That the luminous part of the flame consists of intensely 
ignited particles of charcoal, may be shewn by introducing into it any 
cold body, as a knife, a glass rod, an earthenware plate, or an iron 
spoon, which will become blackened by the decomposition of the lamp- 
black or carbon. 

11. The reason the carbon particles are not consumed 
with the hydrogen in the highly luminous cone may be 
thus explained. Carbon and hydrogen differ in their 
attraction for oxygen, the latter greatly exceeding the for- 
mer ; consequently, when both are present^ and the supply 
of oxygen is limited, the hydrogen takes all, leaving the 
carbon to burn where it can obtain a further supply of 
oxygen, which it does in the exterior flame. 

1 2. If oxygen be mingled with, or driven into the flame 
as in the oxy-hydrogen light (Chap. V. §§ 18, 19), or by 
the ordinary blowpfjpe, the hydrogen and carbon burn 
together^ and the luminosity of the flame almost entirely 
disappears. 

13. In an Argand burner, whether oil or gas, air is per- 
mitted to enter through the centre of a circular wick, or a 
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ring of gas jets, so that the intensity of heat is . increased, 
more gas is consumed in the same space than by any other 
mode of combustion, more carbon therefore is precipitated, 
and this being more intensely heated, greatly increases the 
luminosity of the flame. 

14. If the central opening through wliich the air is ad- 
mitted be closed, part of the supply of oxygen necessary 
for complete combustion is withdrawn ; the flame becomes 
elongated as if in search of air, the heat is less intense, less 
carbon is consumed, and being at a lower temperature, with 
a feebler light ; the nnconsiimed carbon gives a yellowish 
tinge to the flame, and is finally deposited in the form of 
lamp-black : in short, the lamp smokes, 

15. The effect of diminished temperature on the bril- 
liancy, and on the very existence of flame, may be further 
illustrated as follows : — 

Ex f. — Form a small coil of metal, by vrinding some copper wire 
several times rcmnd a pencil ; place the coil gently over the wick of a 
wax or composite candle, so as not to touch it, the flame will ))e ex- 
tinguished. The mass of metal being a good conductor of heat, 
abstracts it so rapidly from the burning gas, that the latter can no 
longer maintain Itself at a white heat, the temperature necessary for 
flame. If the coil be heated before trying the experiment, no such 
eiTect will follow. 

16. A piece of wire gauze placed over a flame, as in 
Ex, c, arrests it, not by stopping the passage of the burn- 
ing gas, but by cooling it below the necessary temperature, 
as it passes through. 

Ex. g. — Intercept a flame by a piece of wire gauze, and apply a 
light to the upper surface, the unconsumed gases which were rising 
through the meshes of wire vnll be inflamed. 

Ex, k. — Hold a piece of wire gauze over a jet from which gas is 
issuiog, apply a light above the gauze, the gas as it passes through 
will bum, but will not inflame that beneath. By gently raising the 
gauze the flame magr be removed several inches above the gas jet. 

17. The foregoing experiments illustrate the principle 
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of the safety lamps invented by George Stephenson, the 

celebrated engineer, and by 
Sir Humphrey Davy, with a 
view to prevent the fatal ex- 
plosions of fire-damp so fre- 
quent in coal-pits. The Davy 
lamp consists of an ordinary 
oil-iamp, h, surrounded by a 
cage or casing of wire gauze* 
Oil is supplied through the 
opening at a, and the wick 
can be regulated by the wire 
c, without opening the gauze 
casing. Fire-damp can only 
be inflamed when raised to a 
white heat; if it come into 
contact with an unshielded 
candle, it of course inflames 
and explodes immediately. 
The safety-lamp, however, 
guards against this explosion 
by confining the combustion 
of the mixed gases forming 

the fire-damp within the gauze cage, and preventing the 

flame from communicating with the rest of the fire-damp 

outside. 

18. The safety-lamp must be regarded not only as a 
security against sudden explosion, but also as conveying a 
warning of danger, and aflurding time for escape ; for if 
the wire gauze should, by the ignition of a highly com- 
bustible mixture within, become ignited to whiteness, the 
exterior gas would of course take fire, and explosion follow. 

19. Hemming*8 jet for burning the mixed gases, already 
referred to (Chap. V. § 31), acts on a similar principle to 
that of the safety-lamp, the cooling power of the metal 
tubes formed by the wires being so great as to prevent 
the passage of flame. 




Fig.U. 
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20. The inner laminoos cone ($ 9)> with the heated gas 
within, has deoxidizing effects — that is, it will reditce metallic 
oxides exposed to it to the metallic form. This it does 
hecause it contains much carhon and hydrogen, which take 
the oxygen from the oxide, passing off as carbonic acid and 
water, and leaving the metal behind, n 

21. The exterior faintly luminous cone, on the contrary, 
has an oxidizing effect, owing to the abundant supply of 
heated air near it. 

Ex, i. — Hold a strip of tamisbed copper upright in the flame of a 
spirit-lamp or candle, the part within the flame will lose its tarnished 
appearance, while the outer portion will become more deeply oxidized, 
and consequently darker. These changes may be readily observed by 
moving the metal to and fro, and noticing the variety of color pro- 
duced. 

22. The pecuhar effects of the oxidizing and deoxidizing 
flames may be still better 4)btained by means of a blow-pipe 
or tube, through which air can be conveyed into the cen- 
tral space of unconsumed gases. (§ 8.) 

23. These gases being thus suppUed with air« combustion 
goes on both in the centre of the flame and at its outer 
border, the heat is necessarily increased, and the flame 
elongated, consisting of two cones — the inner, blue ; the 
outer, yellow. 

24. Between these two cones there is still a portion of 
the flame where conramed gas is present, as in § 9, and 
where the amount of white-hot carbon is ready to abstract 
oxygen from any oxide exposed to it. This part of tne 
flame is therefore termed the reducing flame, and anything 
to be reduced must be held toithin it. 

25. The extremity of the outer or yellow cone of the 
blow-pipe flame is termed the oxidizing flame, having 
a simikur effect to the faintly luminous envelope of an ordi- 
nary flame, § 10. Substances to be oxidised should be 
held a little in front of the visible apex, for it is the 
heated air rather than the actual flame which produces 
the oxidation. 
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EXERCISES ON CHAPTER XIII. 

1. Give a definition of flame. 

2. What are the conditions necessary for illumination ? 

3. Illustrate the relations between the light and heat of flame. 

4. What becomes of the elements of a burning candle ? 

5. What is the character of ordinary flame ? 

6. Trace the progress of combustion in a candle. Give a reason 

for the conical form of its flame. 

7. Into what parts may an ordinary flame be divided ? 

8. In what part of the flame is there no combustion ? Give proofs. 

9. Account for the luminosity of the inner cone. 

10. Where are the carbon particles consumed I 

11. Why is the carbon not consumed in the inner cone? 

12. What would be the effect if the carbon and hydrogen burned 
together 1 

13. What is the principle of an Argand burner ? 

14. Explain the effect of diminished draught on an Argand burner. 

15. Illustrate the effect of temperature on flame. 

16. Why does wire gauze intercept the passage of flame ? 

17. Describe the safety-lamp. 

18. When is a safety-lamp unsafe ? 

19. What is the principle of Hemming*s oxy-hydrogen jet? 

20. Why does the body of an ordinary flame reduce metallic 
oxides ? 

21. How is the oxidizing effect of the exteriw envelope of an ordi- 
nary flame accounted for ? 

22. How may the chemical effects of flame be more readily applied ? 
' 23. What is the effect of blowing air into the centre of a flame ? 

24. What is meant by the reducing flame of thfe blow-pipe ? 

25. Where is the greatest oxidizing power of the blow-pipe flftme ? 



SULPHXTE A.VV SELENIUM. 89 

CHAPTER XIV. 

SULPHTJE AND SELENimff; 

Snlphtir. Symbol S; combining equivalent 16. 
Seleninm. „ Se; „ „ 40. 

1 . Sulphur, or brimstone, is a yellow, brittle, crystalline, 
and combustible, solid ; tasteless, inodorous (except when 
rubbed), and perfectly insoluble in water. 

2. Sulphur is found pure or native in different parts of 
the world, often in connexion with beds of gypsum and 
rock-salt, but more especially in volcanic districts. The 
greater part of the sulphur of commerce is obtained from 
the island of Sicily, where it is quarried from large 
deposits. 

3. Sulphur in a state of combination is universally dif- 
fused throughout nature. It is found in plants and ani- 
mals, while in the mineral kingdom it forms the numerous 
and important compounds termed aulphurets or sulphides, 
and sulphates, 

4. Sulphur melts readily at a temperature of 226° F., 
forming a pale yellow liquid 5 at 300°, it begins to thicken 
and turn brown ^ at 450 , it changes to a thick, tenacious, 
treacle-like body ; at 480°, it becomes once more a thin 
liquid) and at 600°, it boils, giving off a deep reddish-brown 
vapor, which is condensed by cold into a fine yellow powder, 
XttmeA flowers or rather ^wr of sulphur. 

5. If the thick, tenacious, treacle-like substance just 
mentioned be poured into water, it becomes soft and 
elastic, like indian-rubber, and may be used for taking 
impressions of coins, seals, &c. This is an allotropic form 
of sulphur ; after a while it becomes once more brittle and 
crystalline. 
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6. The process by which a solid substance is evaporated 
and again condensed into the solid form, is termed sMi- 
matton, as distinct from distillation^ in which the vapor is 
condensed into the form of a liquid. 

Ex. a. — Melt a quantity of sulpliur in a crucible or deep iron ladle, 
then set it aside to cool ; when the surface is congealed, pierce the 
crust with an iron wire, and pour out the still liquid sulphur beneath ; 
let the crust, &c. remain till perfectly eold,- and then, on turning it 
out of the crucible, the sulphur w^ill be found in long needle-shaped 
crystals. 

Ex. b. — ^The union of sulphur with a rntetal, and thereby forming a 
siulphuret, has been already noticed {Chap. lil. Ex, e.} 

7. The purity of sulphur may be judged of by heating 
a portion on a piece of platinum foil ; if pure, the sulphur 
will burn away without leaving any residue. Common 
flowers ofmlphvr are sufficiently pure for all ordinary pur- 
poses. RoU sulphur k merely sulphur melted and cast in 
cylindrical wooden moulds. 

8. Oxygen and sulphur form several compounds, all of 
which possess acid properties, for there is no mere oxide 
of sulphur known. The principal of these compounds are 
as follow : — 

SolplmroTis acid .... 80^=32!. 

Sulphuric acid (oi7 o/w7rioZ) • 803=40. 

Hyposulphorons acid • * • SA^'IS. 

HypoaulphmLc acid • - • SA=72. 

9. SnlphTiTOi&s aoid gas, SO3. — When sulphur is heated 
in the air or in pure oxygen to about 300°E., it inflames, 
and combining with the oxygen, forms a colorless, trans- 
parent gas, having a peculiarly disagreeable taste and a 
most suffocating odor : this gas is sulphurous acid, and is 
given off every time a sulphur match is ignited. 

10. Sulphurous acid gas is more than twice as heavy as 
common air ; it extinguishes burning bodies, is uninflam- 
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mable, ana instantly fatal to animal life;* <:iold -water die- 
solyes about 35 times its bnlk of the gas, which is evolved 
unaltered when the solution is heated. The aqueous so- 
lution, like the gas itself, has the property of bleaching 
some animal and vegetable substances. Hence the vapor 
of burning sulphur is used for whitening, silk, woollen 
or straw goods, discolored paper, and numerous other 
articles. 

Ex. e, — Bum sulphur in oxygen (as shown Chap. IV, 
Ex. c.)y observe the formation of sulphurous acid ; wlien 
the sulphur has burned out, introduce a lighted taper 
into the jar, the flame will be instantly extinguished. 

Ex. d. — ^Immerse a piece of moistened litmus paper 
in a jar of the gas, or hold it in the fumes of burning 
sulphur, it will at first be reddened and afterwards 
slowly bleached. 

Ex. e. — Dip a bunch of violets, a red 
rose, peony, dahlia, or some other flower, 
into a solution of sulphurous acid, or sus- 
pend it in the fumes of the gas, as in the 
diagram: the color will be speedily dis« 
charged. Moisten the bleached flower 
with some ammonia, the action of the sul- 
phurous acid will be neutralized, and a 
green color will be produced. 

Ex./. — Pass some sulphurous acid through 
an infusion of red cabbage, which has been 
rendered green by mixing with it a little 
soda or potass ; the solution will gradually 
redden, and at length become, colorless. Fig. 47. 

Divide the colorless Kquid into two portions, add a little sulphu- 




Fig. 46. 




* " For this reason t)urning sulphur h used to destroy bees in the 
hive previous to taking the honey, A bundle of lighted matches will 
effectually destroy all the bees of a hive, sometimes 20,000 in number. 
Insects to be preserved for thecabinet are mostly killed by the fumes 
of sulphur, though the fumes of prussic acid are preferable, because 
sulphur sometimes injures their colors.'' — Francit, 
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Fig. 48. 



ric acid to one, a red color will 
be produced ; add some potass 
or soda to the other, and it will 
become green. This shews that 
the coloring matter, though ren- 
dered invinbk by the gas, was 
not destroyed. 

1 1 . Sulphurous acid gas 
may be readily liquified at 
the ordinary pressure of the 
atmosphere, by passing it 
through tubes surrounded by a mixture of salt and snow, 
which produces a temperature of 0° ; or by subjecting it 
at the freezing point of water, 32°, to the pressure of two 
atmospheres. 

12. Sulphurous acid gas may be readily obtained by 
heating copper turnings, pieces of copper wire, or metallic 
mercury in a retort or tube with sulphuric acid. A portion 
of the acid is decomposed, and gives up one third of its 
oxygen to oxidize the copper ; tbis is immediately dissolved 
by another portion of acid, and forms sulphate of copper ; 
the sulphur of the decomposed sulphuric acid is set free in 
combination with thu remaining two-thirds of oxygen, 
forming sulphurous acid gas, which may be collected over 
warm water, or by displacement, 

( Compare the process for obtaining Binoxide of Nitrogen^ 
Chap. VIII. §§ 13, 14.) 



13. Two equivalents of acid are necessary to each equi- 
valent of copper, to produce a perfect decomposition, 
thus — 

2S0a+Cu = CuO,S03+S02, 
or, more fully, as follows : — 
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14. Aqueous sulphurous acid may be readily formed by 
passing a current of gas through cold water, as shown in 
fig. 48. This solution may be kept unchanged as long as 
air is excluded ; but when exposed to oxygen it slowly 
combines with it, and forms sulphuric acid. The com- 
pounds of sulphurous acid are termed sulphtVe^. 

15. Sulphuric acid, HCSOg. This powerful acid has 
been long known and extensively employed in its hyd/rated 
state, that is in chemical combination with water. Two 
varieties of the acid are known in commerce, both of which 
are liquid. The anhyd/rom acid, as it is termed, is merely 
an object of curiosity, and does not appear to possess acid 
properties {see Chap, VIL § 15). The names, symbols and 
equivalents of these three compounds, are as follows : — 

Anhydroiis sulphuric acid SO3=40. 

Hydrated sulphuric acid {oil of vitriol) HO, 863=4 9. 

Nordhausen or fiuning sulphuric acid, HO,2S03=-89. 

16. Sulphuric acid was formerly obtained by the distil- 
lation of sulphate of iron, FeO, SO3+7HO, called by the 
alchemists, green vitriol ; hence the acid is still sometimes 
termed vitriolic acid, though from its oily appearance, it is 
most commonly known as oil of vitriol, 

17. This process is still followed at Nordhausen jn Sax- . 
ony, hence the acid produced by it is termed Nordhausen 
acid; its other name o( fuming sulphuric acid arises from 
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the fact of its emitting white vapors of hydrated snlphnric 
acid, HO,SOs, by uniting with the moisture always present 
in the atmosphere. 

The Nordhausen acid is chiefly prepared for the purpose 
of dissolving indigp, the solution so formed being very ex- ' 
tensively used as a blue dye* 

18. In order to procure the Nordhausen acid, the sul- 
phate of iron, FeO>S08+7HO, is strongly heated, so as to 
expel the greater part of its water of crystallization. The 
nearly anhydrous sulphate is then heated to redness in 
earthenware retorts, by which means it is decomposed ; 
half its sulphuric acid is resolved into sulphurous acid gas 
and oxygen ; the latter unites with the protoxide of iron, 
to form the sesquioxide ; while the other half of the sul- 
phuric acid comes over in combination with water, thus — 

4(FeO,S03)+HO=2FeA+2SOa+HO,2S03. 

19. Anhydrous sulphuric aoid, SOj. — ^This substance 
may be procured by distilling strong Nordhausen acid 
at a low temperature, and receiving .the vapor in a 
receiver kept very cool. Tt condenses into white, fibrous 
solid silk-like crystals, which liquefy at 66°, and boil at 
about 86^ forming a transparent vapor, provided no 
water is present 

20. Hydrated sulphuric acid, HO^SOj. — Sulphuric 
acid in its most concentrated form is a hydrated acid, 
containing one equivalent of water, and is, perhaps, the 
most important of the acids. It cannot be procured by the 
direct combination of its elements, like carbonic or phos- 
phoric acids, which may be obtained by the simple com- 
bustion of carbon or phosphorus in oxygen. The product 
of the combustion of sulphur in oxygen is, as we have 
already seen, sulphurous acid gas ; this, however, may be 
oxidized by mixture with nitric acid vapor, and so con- 
verted into sulphuric acid. 
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21. Sulphuric acid is prepared on a large^ scale by 
heating sulphur and nitre in furnaces, and conducting 
the sulphurous acid and nitric acid fumes along with steam 
and atmospheric air into leaden chambers^ the floors of 
which are covered with water. 

A is a boiler, 
to affordsteam. ^ 
B is a small 
furnace ia 
which sulphup 
is ignited. Over 

the sulphur is « do b a 

another vessel^ ^^' *^ 

supported on a stand; and containing sulphuric acid* and nitrate of 
potass, the materials for making nitric acid, the formation of which 
commences as soon as the burning sulphur has imparted the requisite 
heat. The sulphurous and nitric acid vapors thus produced pass with 
the steam from the boiler a into the leaden-chamber, which is divided 
into two parts, c and s, by a partition d, nearly reaching to the floor. 
F is a pipe to carry off any uncondensed gases, and by means of it a 
slight current of air is maintained through the chamber, causing the 
gases to be more thoroughly intermingled as they pass below the 
partition (or alternately above and below, in a series of chambers). 
In this way the water on the floor soon becomes acid ; it is then 
drawn off, heated to 300o F. in leaden troughs, to evaporate part 
of the water, and finally concentrated in platinum stills, till it 
acquires a specific gravity of about 1.850 (water being 1), and boils 
only at 618o. Lead is used as a lining to the chambers, &c. because 
almost any other material would be destroyed by the acid, and even 
the lead itself is corroded by it when strong ; hence, notwithstanding 
the expense, platinum stills, costing from JSIOOO to dS2000, are used 
to concentrate the acid, 'being preferred to glass retorts, on account of 
their durability. 

Ea, g, — Sometimes, instead of forming the necessary nitric acid at 
the moment, vessels containing that acid are placed in the first cham- 
ber in the current of sulphurous vapor. Ignite some pieces of sulphur 
in a deflagrating spoon, and suspend them in a bottle containing 1i 
little water. After the flame has died out, hold in the sulphurous acid 
gas which fills the bottle a piece of fiannel fastened to a glass rod and 
moistened with nitric acid, orange-colored fumes — nitrous acid — will 
immediately form, the sulphurous acid will be gradually oxidized, 
producing sulphuric acid, and the bottle will become clear. This is, 
on a small scale, the process abready described for the manufacture of 
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the acid. To acidify the water to any great extent, the operation of 
igniting the sulphur, &c. must be repeated several times. 

Ex. h. — Sometimes the sulphur and nitre are mingled together before 
mixing. Mix some small pieces of sulphur with one-eighth their 
own weight of saltpetre or nitre, and place them on a piece of lead or 
other metal in a shallow vessel filled with water. Ignite the sulphur 
mixture, and invert a gas jar over it while burning. The acid fumes 
that arise will be condensed by' the water, forming an impure sulphu- 
ric acid. This liquid, as well as that resulting from the previous ex. 
periments, may be tested by blue litmus paper, the reddening of which 
will shew the presence of an acid ; or by adding to some of the water 
in a wine-glass a few drops of chloride of barium, when a white pre> 
cipitate of sulphate of baryta will be formed, quite insoluble in water 
or in nitric or hydrochloric acids. The formation of this precipitate 
is a sure test of the presence of sulphuric acid, either free or in a 
state of combination. 

22. The reaction occurring between the sulphurous 
acid^ the nitric acid, the steam and the air, during the 
process of manufacturing sulphuric acid, may be explained 
as follows : — 

1 . Three equivalents of sulphurous acid, SSOn, abstract 

in the first instance two equivalents of oxygen, 
20, from each equivalent of nitric acid, NO5, 
forming with the steam three equivalents of sul- 
phuric acid, 3(HO,S03), and leaving one equiva- 
lent of binoxide of nitrogen, or nitric oxide, NO2. 

2. This nitric oxide (as shewn Chap, Fill, § 16,) 

instantly absorbs oxygen from the air, and is 
converted into nitrous acid, NO4, giving rise to 
its characteristic orange-colored vapors. 

3. Each equivalent of nitrous acid thus formed, parts 

with half its oxygen to two equivalents of sul- 
phurous acid, 2SO2, forming with the steam as 
before two equivalents of sulphuric acid, 2 (HO, 
SO3). The remaining nitric oxide, NO3, again 
takes oxygen from the air, and again gives it to 
the sulphurous acid, and this alternate action 
goes on so long as the supply of sulphurous acid, 
air and steam continues. 
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In this way n small amount of nitric acid suffices to 
conyert a large quantity of sulphurous into sulphuric 
acid ; the necessary oxygen being supplied by the air, the 
nitrous acid acting as a carrier between it and the sulphu- 
rous acid. 

The several stages of the process may be thus expressed 
by symbols, the second and third forming a constantly 
recurring series : — 

Ist, N06+3S02=N02+3S08. 

2nd, NOa-f 20 =N04. 

3rd, N04+2S02=N02+2S0fi. 

23. Sulphuric acid in its most concentrated state is a 
colorless, inodorous, oil-like liquid, exceedingly corrosive, 
having an intensely acid taste, and a great affinity for 
water. It freezes at — 15^ and boils at 620°. 

So great is the affinity of sulphuric acid for water, that a bottle 
three-parts filled with strong aeid, left open for twenty-four hours in 
a damp atmoaphere, would be -found eompletaly filled. 

24. When sulphuric acid is suddenly mixed with water, 
much heat is evolved, and on cooling, condensation is found 
to have taken place, the two liquids occupying less space 
than before mixture. Whenever two bodies are thus con- 
densed, or have their particles driven closer together, heat 
is produced. 

Ma:, i. — Mix four parts by measure of strong sulphuric acid with 
one part of water in a thin glass flask, it will in a few moments be- . 
come too hot to hold. 

Ex. k. — If an ounce of sulphuric acid, of the temperature bf 32o, be 
poured over an ounce of snow or pounded ice, of a like temperature, 
the density of the eombined substances will be greater than that of 
the two substances separatdy ; and in this condensation so much 
latent heat will be given out, that the mixture will reach a tempera- 
ture, almost equal to that of boiling water. 

E», h — Pulverize quickly in a mtNrtar one pound of ice, and pour 
over it in a tumbler one ounce of sulphuric acid, previously cooled to 
32®. Stir the mixture, and the whole will become fluid. If a ther- 

H 
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mometer be immersed in it, the temperatare will be found very nearly 
(^f or 32o below the freezing point. 

These two experiments may be reconciled by observing, that in the 
latter, case the quantity of add is only sufficient to liquefy the ice, 
which, on leaving the solid, state, abstracts heat from surrounding 
objects, while in the former case the add being in greater proportion, 
not only liquefies the ice, but unites with the water as in Ex, i. 

Ex.. m. — ^The corrosive action, of sulphuric add on organic bodies is 
accompanied by a blackening or charring effiect, owing to its abstract- 
ing from them the elements of water, and leaving their carbon behind. 
A drop of strong sulphuric acid let fall on linen or paper speedily 
destroys it. A stick dipped into the strong add is soon blackened. 
Its effects on starch, gum, and sugar have been already noticed. 
(Chap, IF, Ex, n, and q^) 

25. Sulphuric acid is extensiyely used in the manufacture 
of soda from common salt y aho in making chlorine, in 
dyeing, calico-printihg, gold and silver refining, and in the 
purification of oil and tallow. In shorty its chemical uses 
are almost innumerable. 

26. Sulphur forms two compounds with hydrogen, the 
former of which is a very useful and important body : they 
are — 

Sulphuretted Hydrogen . . HS =17. 

Persnlphuret of Hydrogen, . HS^^Sd. 

27. Sulphuretted Hydrogen, HS, is a colorless, trans- 
parent gas, having lin extremely disagreeable taste and 
smell; it is somewhat heavier than air, and soluble in 
about one4hird its bulk of water, to which it imparts its 
own offensive odor and taste. 

It does not support combustion, but is itself combustible, 
burning with a blue flame and producing water and sul- 
phurous acid when there is an abundant supply of air, but 
depositing sulphur when the oxygen is deficient. 

This gas is highly poisonous to animals. *' A small bird 
dies immediately in air containing y^^th part of sulphu- 
retted hydrogen ; -5^^017*^ part will kill a middle-sized dogj 
«nd tJtf P*^ ^"^ ^fll a horse."— j^ramfe. 
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28. Sulphuretted hydrogen is produced by the putre- 
faction of all organic substances containing sulphur, as 
flesh, eggs, &c. ; it arises from vegetable matter decom- 
posmg m connexion with water and gypsum (sulphate of 
lime) ; it frequently issues from the earth in volcanic dis- 
tricts, and occurs in small quantities in certam mineral 
springs, as at Harrogate and elsewhere. 

29. Sulphuretted hydrogen is usually procured by the 
action of hydrochlo- 
ric acid on sulphuret 
of antimony, or by 
the decomposition of 
sulphuret of iron by 
sulphuric acid. 

The first method 
yields the purestgas, 
and may be carried 
out by placing finely 
powdered sulphuret. 
of antimony, SbSj, 
in a retort or flask, 
pouring over it an 
equal weight of 

strong hydrochloric Fig. so. 

acid, HCl, and heating the mixture ; the gas should be 
collected over warm water, and if possible in the open air. 
The reaction is as follows : — 
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3HS = 51 

SbCl3=173 
224 
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The secoad methoi whick yield* the gaa moBt readily, is 
hy putting protosulphuret of icon, FeS, 
into a geseratiDg bottle, and pouring 
over it an equal weight of dilute sul- 
phuric acid. The water (as shewn in 
chap. ¥. §13.) is decomposed, its oxygen 
uniting with the iron forms, the oxide 
of iron, which is dissolved by the acid, 
and becomes sulphate of iron ; while its 
hydrogen combines with the sulphur 
Fig. 61. ^^^ escapes as sulphuretted hydrogen. 

The reaction will be seen by the following diagram — 




Solphu- 

retof 

Iron. 



}-{ 



Sulphur^ 16—-- 
IrcwL = 28 



— 7I7 < 



Hydra- 1 
ted Sul- I 
phuric r* 
aoid J 



=49 



f Hydro.} 
I 'gen J 
/ Oxygen - 

SulphiLl 
^ no acid) 




Sulplm- 
retted 
Hydro- 
Lgen. 
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30. The solution of sulphuretted hydrogen in water is 
of great use to the chemist, as a test for metals, and more 
especially, it is an excellent substance for discovering 
minute portions of lead, with which it gives a black colored 
precipitate ; with antimony it gives an orange, vnth arse- 
nious acid a bright yellow, and with zinc, a white precipi- 
tate. These precipitates are sulphurets of the respective 
metals. 

31. The solution may be easily made by passing a 
current of the gas through water for a short time ; in the 
open air if possible. 
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Fig. 52. 



£ff. It. — ^Arrftirge ■ series of two or more flasks as in tlie figure, place 
aorne water in the siaaller one B, 
and some sulphuret of iron in the 
larger one A. Pour through the 
funnel a little diluted sulphuric 
acid, sulphate of iron will be 
formed and the sulphuretted hy- 
drogen will pass off into the second 
fla^, and be absorbed by the 
water and so on through a series 
of flasks, if necessary. 

32. The solution of sul- 
phuretted hydrogen in water • 
18 so prone to decomposition, 
by the oxygen of the air, that 
it soon spoils. The simplest 
and readiest mode of apply- 
ing the gas is by haying a 
small generating flask, like 
fig. 51, always at hand, supplied with water and sulphuret 
of iron ; on the addition of a few drops of sulphuric acid, 
the gas will be immediately evolved when wanted, and 
passed at ouoe through tlie delivery tube into the vessel 
contaiiiing the solution to be tested, as in C, fig. 52. 

JSx 0. — Pass some gas as just described into a solution of acetate 
of lead or nitrate of silver in water, black sulphuret of lead or silver 
will be formed ; this accounts for the blackening of white-lead paint 
when exposed to coal-gas, which is almost always found to contain 
sulphuretted hydrogen ; silver goods are tarnished and blackened from a 
similar cause. The discoloring of a silver spoon when used in eating 
an egg, arises from the action of the sulphur which the egg contains. 

Ejp. /».— Tr^at a solution of tartar emetic (tartrate of antimony and 
potass) in the same way, orange- colored sulphuret of antimony will be 
precipitated. 

Ex. q. — Perform the like experiment with sulphate of zinc, white 
sulphuret vi zinc will fall. Hence, white paint made from oxide of zinc, 
keeps its color much better than that from oxide of lead. 

These experiments may be tried with different metallic solutions, 
and the color of the suli^urets observed. 

33. Selenium, Se. — This is an exceedingly rare sub- 
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stance, sometimes found aBSociated with sulphur, which 
element it greatly resembles in its chemical properties. It 
is a reddish brown solid body, semitransparent, and having 
an imperfect metallic lustre. 

When heated in the air it exhales an odor like decaying 
horse-radish. 

34. Selenium combines with oxygen 'and hydrogen, 
forming — 

SelenioxLS acid SeOj corresponding to Sulphurous acid SO2. 

Selenic acid SeOg „ ^ „ Sulphuric acid SOj. 

Seleniuretted ) HSe „ * Sulphuretted l^g 

hydrogen ) hydrogen / 

*' Selenic acid has one property possessed by no other 

acid — namely, that of dissolving gold." — Wilson. 

Seleniuretted hydrogen is a colorless gas, excessively 

irritating, to the nostrils, air passages, and lungs, even 

when respired in very minute quantity, and producing all 

the symptoms of a violent cold. 

EXERCISES ON CHAPTER XIV. 

1. Give the symbol, combining equivalent, and physical character- 

istics of sulphur. 

2. Where does sulphur occur pure ? 

3. Where is sulphur found in a state of combination ? 

4. Stat^ the effects of various temperatures on the appearance of 

sulphur. 

5. What is the allotropic form of sulphur ? 

6. Distinguish between sublimation and distillation. 

7. How may the purity of sulphur be ascertained ? 

8. What are the chief compounds of sulphur and oxygen ? 

9. What is the product of the combustion of sulphur in the air ? 

10. State the properties of sulphurous acid. 

11. How may sulphurous acid be liquefied? 

12. Explain the process for obtaining sulphurous acid gas. 
13- Give the formula for the above process. 

14. How may aqueous sulphurous add be obtained ? 

15. What are the different forms of sulphuric acid P 

16. How may the name oil of vitriol be accounted for? 
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17. Whence does Nordhausen acid derive ita name, and for what is 

it used ? 

18. Explain the process for obtaining Nordhausen acid. 

19. How is anhydrous sulphuric add obtained, and what are its 

properties 

20. What is hydrated sulphuric acid, and how may it be obtained 

from sulphurous acid gas ? 

21. Describe the process for manufacturing the sulphuric aoid of 

commerce. What is the best test for sulphuric aoid ? 

22. Describe the chemical changes that take place during the pro- 

cess, noting each step symbolically. 

23. What are the leading- properties of sulphuric add ? 

24. What effect is produced by mixing sulphuric add and water ? 

25. What are the chief uses of sulphuric add? 

26. Give the names, symbols, and equivalents for the compounds of 

sulphur and hydrogen. 

27. What are the properties of sulphuretted hydrogen P 

28. Name some natural sources of sulphuretted hydrogen. 

29. How may sulphuretted hydrogen be artificially prepared ? Give 

formulae for each method. 

30. In what way is a solution of sulphuretted hydrogen a test for 

different metals ? 

31. How may an aqueous solution ot sulphuretted hydrogen be made? 

32. How can sulphuretted hydrogen be most readily applied as a 

test? 

33. State the nature and properties of selenium. 

34. What compounds does selenium form with oxygen and hydro- 

gen ? State some of their properties. 



CHAPTER XV. 

PHOSFHOBVS AlfTD ITS COMPOUNDS. 

Symbol^ P. Combining equivalent^ Z2.* 

1- FhotphoniB w a solid body, of a waxy appearance, 
easily cat, transparent and colorless when fresh, made, but 
taming yellow by exposure to light. It melts at 108^ and 
at 55(r is conveated into vapor. It is insoluble in water^ 

* According to Brande, Berzelius, and Lfebig, the combining equi- 
Talent of phosphorus is 16. 
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but may be dissolved by ether, alcahol, bisnlpbtrret of car- 
bon, and oils. . 

2. When exposed to the air it undergoes a slow com- 
bustion, combining with oxygen and emitting a whitish 
smoke, (phosphorous acid, PO3,) which is luminous in the 
dark. Hence its name phosphorus or light'bearer, from 
pug, light, and fe^f/v, to bear, 

3. Phosphorus is highly inflammable, being easily 
set on fire by friction, hence its use in making lucifer'*' 
matches. 

It sometimes takes fire spontaneously in warm weather, 
and should therefore be kept under water, and be at all 
times handled with great caution, since the heat of the hand 
is sufficient to infitune it when dry, and a bium from it is 
generally very severe. 

4. Phosphorus* never occurs in nature in a free or un- 
combined state, but is very widely diffused in union with 
oxygen, under the form of phosphoric acid, PO5, «nd thus 
forms an ingredient both of vegetable and «mmal boC^es. 
The phosphoric acid in these cases is generally in combina- 
tion with lime or magnesia. 

5. The bones t and shells of animals contain phos- 
phorus ; in fact, their strength and stiffness is owing to 
the phosphates of lime and magnesia. Phosphorus is 
found also in the blood, the animal excretions, the brain, 
liver, nerves, &c. ; also in eggs, oysters, onions, wheat, milk, 
flour, &c. 

6. Phosphorus is chiefly obtained from bones. Bones 
consist of gelatine, lime, and phosphoric acid. The phos- 
phorus is procured from the decomposition of the phos- 
phoric acid, as follows — 

The bones are first calcined or burned to whitene8|i,.to remove the 

* Lucifer, from lux, luds, light, and/<?rr«, to bring, is the exact Latin 
equivalent for the Greek, j»Ao«/7Aort». 

t The skeleton of a man weighs from 10 to 12 pounds, and contains 
from U to 2 pounds of phosphorus. 
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^Ifttiae. The ashes contistiBg chiefly of phosphate of lime,3CaO,P05, 
are then ground and mixed with about two-thirds their weight of 
dilate sulphuric acid. The sulphuric acid combines with the lime 
forming an insoluble sulphate, which is removed by filtering. The 
Jilirate,i^At is, the liquid which passes through the filter, is an impure 
solution of phosphoric acid, FOs : this is evaporated to the consistence 
of treacle, then mixed with charcoal powder, and strongly heated in an 
iron vessel to remove all moisture. 

The dried mass is then placed in a retort made of stoneware or 
fire-clay, A, and exposed 
to a white heat. The 
carbon takes the oxygen 
of the phosphoric acid, 
passing off at D, as car- 
bonic oxide. The phos- 
phorus distils over in va- 
por, and passes through 
the tube B, and may be 
condensed below the sur- 
face of water, in the vessel 
C. The tube B should 
be kept warm lest the 
phosphorus should con- 
dense in it, and block up 
the passage. Fig. 68. 

The deooqpoaition of the phosphoric acid may be thos shewn in 
aymbols : 

5C4-P04=5CO-hP. 
The phosphorus is melted a second time under hot water in cylin- 
drical moulds, so that it is generally seen in the form of long pencil- 
like sticks. 

7. A singnlar modification of this element has been 
discovered by Professor Schrotter, called allotropic or 
amorphous phosphorus. It is a reddish brown substance, 
which is luminous and inflammable only at high tempera^ 
tnree. It shines in the dark when heated to 893^ and at 
500° returns into the condition of ordinary phosphorus. 
from the fact of the amorphous variety being less com- 
bustible than conunon phosphorus, and not giving rise (at 
low temperatures) to the same poisonous vapors, it has 
been proposed to use it in the manufacture of lucifer 
matches. 
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8. Phosphonui combines readily with oxygen, forming 
the following compoauds, the last of which is perhaps^ the 
most important : — 

Oxide of Phosphomfl* 
Hypophosphorous acid 
Phosphorous acid 
Phosphoric acid 

9. Phosphorous acid, PO3.— This acid is formed by the 
slow combustion of phosphorus in a dry atmosphere ; or 
by burning that element in a limited supply of air. In 
this case it is anhydrous, and appears as a white powder, 
which, when exposed to air or moisture, soon changes into 
phosphoric acid. 

10. Eydrated phosphorous acid,SKO-\'¥Oi, maybe readily 
prepared by adding water to the teriodide cpr terchloride of 
phosphorus, PI3 or PCI,. Mutual decomposition takes 
place, the hydrogen of the water unites with the iodine or 
chlorine to form hydriodic or hydrochloric acids, while the 
oxygen combines with the phosphorus ; by heating the 
hquid the hydrogen acid, HI or HCl, together with most 
of the water, is driven off, while the phosphorous acid com- 
bined with another portion of water, remains. 

Pla +6HO=3HI +3H0,P0, 

PCl3+6HO=3HCl+3HO,P08 

Ex, a, — Place a small piece of phosphorus (dried between some 
blotting paper) into a test tube, and cover it with some iodine, the 
two bodies will combine, forming the teriodide of phosphorus, Pis, as in 
Ex, d. page 16. When the action is over, add some water to dissolve 
the mass, and then heat it to evaporate the hydriodic acid ; the hy- 
drated phosphorous acid which -remains wiU, on cooliag, become a 
solid crystalline mass. 

11. Phosphoric Acid, PO^. This substance has been 
already noticed, § 6, as being produced by the action of 

* The existence of this oxide has been denie . by some chemists ; 
the red substance that is so termed being considered by them to be 
the amorphous phosphorus previously described. 
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sulphuric acid on the phosphate of lime contained in bone 
ashes. It is the constant product of the combustion of 
phosphorus in oxygen, or in a plentiful supply of common 
air, appearing as a white smoke, which condenses into 
snow-like flakes of anhydrous phosphoric acid. 

.Er. b. — ^For the eombustion of phosphorus in air and in ozygen, see 
JEr. a. Chap. VIIL, and Ex. e. Chap. IV. 

Ex. e. — Perform similar experiments in dry jars or bottles, the 
anhydrous phosphoric acid will condense on the sides. 

Ex. d. — Collect sonqie of the dry powder of the last experiment, 
put it quickly into a dry watch-glass, and add a few drops of water, or 
drop some of it at once into water ; the acid and w«ter will rapidly 
combine, with a hissing noise, great iieat, and sometimes even a 
violent explosion. 

12. Phosphoric acid has an intensely sour taste, and 
reddens vegetable blues ; it is not poisonous, at least, in 
small quantities. Although not generally corrosive, it must, 
when taken medicinally, be sucked through a quill or glass 
tube to keep it from corroding the teeth, which it would do 
very rapidly, from its power of dissolving the phosphate of 
lime which they eon tain. 

E. e. — Place a thin slice of phosphorus on a piece of blotting- 
paper, and sprinkle over it some flowers of sulphur or some powdered 
charcoal, after a while the phosphorus will spontaneously inflame. 
This is owing to the rapid absorption of oxygen by the porous powder, 
and its imparting it again to the phosphorus, while from its being a 
bad conductor of heat, the cooling of the latter is prevented. 

Ex.f. — Put a fragment or two of phosphorus into a glass, &, nearly 
fill the glass with hot water, and then 
direct a stream of oxygen or common 
air from a bag or bladder on' to the 
melted phosphorus, as in the diagram. 
The phosphorus burning in presence of 
the oxygen will .present the appearance 
of fire under water, 

Ex.g. — Put a piece of phosphorus, 
about the size of a pea, into a phial with 
a quarter of an ounce of ether ; cork the 
phial, and let it remain a few days, occa- ^. ^.^ 

sionally shaking it. About a grain of the 
phosphorus will be dissolved, and the solution, which is sometimes 
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called phowphorixed '9thery will, if exposed to the air, be luminous in 
the dark. 

Ex. h. — PhoBphorUted ml may be made by carefully heating a graia 
of phQsphorus in a test tube with a teaspoonful of olive oil \ the solu- 
tion should be kept in a well-corked phial, and in the dark. A few 
drops of phosphorized oil or ether may be rubbed on the hands or face 
without danger (unless there be any wounds on them) ; the parts so 
moistened will appear luminous in the dark. 

Ex. i. — Moisten some blotting-paper with a few drops of phos- 
phorized ether, or solution of phosphorus in bisulphuret of carbon, 
and hang it up to dry. The moisture will speedily evaporate and leave 
the phosphorus on the paper in a state of very minute division, in 
which state it attracts oxygen so energetically, that it ignites sponta- 
neously. * 

JSv. k. — ^Pour a few drops of phosphorized ether on a lump of loaf 
sugar, and place the sugar in hot water ; the ether and phosphorus 
will rise in vapor and ts^e fire oh the surfoce as they come into con- 
tact with the oxyg[en of the air. The effect is increased if the surface 
of the water is made to undulate by blowing on it. 

13. Fhoftphuretted Hydrogen, FH3=35. This is a color- 
less, tramparent gas, of a very disagreeable odor^ and highly 
poisonoas. The nauseous smell of decaying animal matter 
is partly owing to the presence of this gas. The ungular 
phenomenon of the will-o'-the wisp, or jack-oMantern, 
where a flame is seen hy night moving over marshy ground, 
is believed to he due to the presence of this gas, which is 
spontaneously inflammable. 

14. Phosphuretted hydrogen may be ohtained by heat- 
ing some pieces of phosphorus 
with caustic potass or lime, and 
water, or in a test tube as in Fig. 1, 
or in a small flask with a long tune 
as in the annexed diagram. The 
flask, &c. should be completely 
filled with water, and the delivery 
end of the tube be also under 
water. On the application of heat 
the following reaction takes place : 

^' **' four equivalents of phosphorus de- 

compose three atoms of water, producing three equiva- 
lents of hypophosphorus acid, PO, and one of phosphu- 
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retted hydrogen, PH3, which, when thus prepared, ia spon- 
taneously inflammable, each bubble as it escapes into the 
air taking fire, and changing into a ring of smoke, which 
widens as it rises, and consists of phosphoric acid and 
watery vapour. 

The hypopbosphorus acid unites with the potasa or lime, 
to form an hypophosphite of those substances. Neither 
the lime nor the potass is decomposed, but seem merely by 
their presence to bring about the decomposition, which 
may he thus expressed symbolically : 

4T + aHO+ 3kO=3(KO,PO) -f PH«. 
4P + 3H0 + 3CaO=3 (CaO,PO) -f PH,. 

SsB. h — Put some pieces of zinc and phosphorus in a flask or test 
glass, and pour OYer'them some dilute sulphuric acid. The water will 
be decomposed as in Chap, V. § 14, but the hydrogen, as it is set 
free, will combine with the phosphorus and form inflammable phos- 
phuretted hydrogen ; it will not, however, be so pure as by the former 
method. 

Ejt. m. — ^Throw some pieced of phosphuret of calcium into a glass 
of water, phosphuretted hydrogen will be given off and inflame as 
before. 

Eae. n. — If the hydrated phosphorous acid obtained in § 10 be 
heated in a small retort it will be decomposed, yielding hydrated phos- 
phoric acid and phosphuretted hydrogen, which, however, when thus 
procured, ceases, to be spontaneously inflammable. 

4(3HO+P03)=3(3HO+P06)H-PH3. 

EXERCISES ON CHAPTER XV. 

1. State the properties of phosphorus. 

2. Whence does phosphorus derive its name ? 

3. "Why is it used for lucifer matches ? 

4. Where it phosphorus fouad in nature ? 

5. Name some substances which contaiu phosphorus. 

6. How is phosphorus obtained ? 

7. What is amorphous phosphorus ? 

8« What are the compounds of phosph»fus with oxygen ? 
9. What is phosphorous acid ? 

10. How may hydrated phosphorous acid be prepared ? 

11. HI^w is phosphoric acid obtained ? 

12. What are the properties of phosphoric acid ? 

13. What is phosphuretted hydrogen ? 

14. How nuty phosphuretted hydrogen be obtained ? 
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CHAPTER XVI. 



CHLOEDTE, BBOIOKE, lODHiTE^ JOSfJ) rLUOBIKE. 

1. These four bodiesj Chlorme, Bromine, Iodine, and 
Fluorine, form a small natural group of elementary bodies, 
closely resembling each other in their properties, and widely 
differing from the elements already noticed, inasmuch as 
they have a much greater affinity for hydrogen than for 
oxygen, and form with it the hydrogen-acids already named. 
Chap, VII. § 21. 

2. The symbols and combining equivalents of these 
bodies are as follow :— / 

Chlorine Symbol CI ; Combining equivalent 36 

bromine » ^^y « » 78 

Iodine ^ » ^ ; » » 126 

Flnwine » F ; « >» 18 

3. Chlorine (CI) is a gaseous body, discovered by a 
German chemist named Scheele in 1774, biit first shown to 
be a distinct element by Sir Humphrey Davy, who gave it 
its present name chlorine,* on account of its yellowish 
green color. 

4. Chlorine exists abundantly in nature, both in plants 
and animals, but especially in the mineral kingdom ; it is 
generally found in combination with the metal sodium, 
forming chloride of sodium or common salt, NaCL 

5. Chlorine possesses a powerful and disagreeable odor, 
and is excceedingly suffocating, even when largely diluted 
with air. It is readily absorbed by water, and this liquid, 
especially if recently boiled, will take up about /wice its 
bidk of gas, and acquire the same color, taste and smell. 

* Chlorine, from x^*^poQ, chloro9, yellowish green.; 
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6. Chlorine ia only gaseoua at common temperatures 
and pressares, for if exposed to great cold or to a pressure 
of four atmospheres (601bs. to the square inch), it con- 
denses into a limpid, yellow liquid, about one-third heavier 
than water. In its gaseous state it is about 2i times as 
heavy as air. 

7. Chlorine is most readily prepared by heating together 
in a flask or retort 

equal weights of hy- 
drochloric acid and 
black oxide of manga* 
nese. 

The gas as given off 
may be collected at the 
pneumatic trough, either 
over hot water, or over a 
strong solution of salt and 
water. Being heavier 
than common air, it may Yig. 66. 

be collected by dUpUtee- 

ment, by carrying the delivery tube to the bottom of the bottle in 
which the gas is to be received, as in iig. 47, omitting the water from 
the bottle there drawn. The chlorine gradually rises and expels or dis- 
places the air. The bottles should in either case be removed as soon 
as filled, and the stoppers well greased a little before they are inserted. 

8. In this decomposition two equivalents of hydrochloric 
acid, HCl, are required for one of binoxide of manganese, 
Mn O3 ; two equivalents of water and one of protochloride 
of manganese are formed, while one equivalent of chlorine 
is set free ; thus — 

2HCl+MnO,=2HO+MnCl+Cl. 
74 + 44 -,18 +64 +36. 

9. Another mode of obtaining chlorine, especially when 
required in large quantities, is by the aetion of sulphuric 
acid on a mixture of black oxide of manganese and com- 
mon salt. When sulphuric acid is added to a mixture of 
binoxide of manganese and chloride of sodium, NaCl, or 



112 CHBMTSTBT. 

common salt, sulphate of soda and sulphate of manganese 
are formed and chlorine gas given off. The sulphuric acid, 
^ being a compound, cannot unite with the element sodium, 
(Na,) until the latter has become oxidized, (NaO); the neces- 
sary oxygen is supplied by the binoxide of manganese, 
(MnO^) which parts with one equivalent of its oxygen, and 
becomes a simple oxide, (MnO) ; in which state it at once 
combines with another equivalent of sulphuric acid, forming 
sulphate of manganese, while the water remains unchanged 
and the chlorine, originally combined with the sodium, is 
disengaged in the form of gas, thus : — 

NaCl+2(HO,S03)+Mn02 = NaO,SOH-MnO,S03+ 
2H0+CL 

10. Chlorine has a great affinity for hydrogen and the 
metals ; with the former it produces hydrochloric acid ; 
with the latter, compounds termed chlorides. Its combi- 
nations with oxygen are exceedingly unstable, that is, they 
are easily decomposed, while with nitrogen it forms one of 
the most explosive bodies known. 

Hydrochloric acid Symbol HCl combining equivalent 37 

44 

»9 » 68 

76 

92 

„ 122 

11. Chlorine is a powerful antiseptic and disinfectant, 
it is also largely employed as a bleaching agent, either in 
the gaseous state, or in solution in water, or in combination 
with hme (bleaching powder, commonly called chloride of 
lime.)* It entirely destroys animal and vegetable coloring 

• Chloride of lime is a misnomer, for the element chlorine cannot 
unite with the compmndlimt. The substance is properly hypochlorite 
of lime. 
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miitteT, but only when moisture is present, for dry chlorine 
^gas has no bleaching power. 

12. The disinfecting and bleaching properties of chlorine 
are owing to its strong affinity for hydrogen. As a 
destroyer of contagion it acts by decomposing sulphuretted 
hydrogen and other noxious vapors in the atmosphere. 
As a bleaching instrument it acts indirectly by decomposing 
water, and combining with the hydrogen to form hydro- 
chloric acid, while the nascent^ oxygen unites with, and 
removes the colling matter, and is the real bleaching 
agent. 

. Ex. Ou — ^Pour a aolatioa either of litmus, indigo, carmine^ turmeric, 
or ink, into a small bottle of chlorine ; do not put in the stopper, but 
cover the mouth with a piece of flat glass, and then shake it well, the 
coloring matter will speedily disappear. 

JSx, I. — Suspend a nosegay of various-colored flowers in a jar as 
in Fig. 47 ; put into the saucer or plate a little bleaching powder, and 
add some hydrochloric acid diluted with warm water ; chlorine will 
be evolved, and the flowers will soon lose their color and become per- 
fectly white. 

Ex. c. — The great affinity of chlorine for hydrogen, and its corre- 
sponding indifference to carbon may be 
seen, by immersing a well-lighted 
candle in a jar of vthe gas, when it will 
bum with a red smoky flame, the 
chlorine combining with the hydro- 
gen of the combustible, while the 
carbon appears as smoke. 

Ex, d, — This may be still more 
strikingly shewn by dipping a rag 
or a piece of folded paper into 
turpentine and immersing it, while 
moist, into a jar of the gas. The 
turpentine, C«H4, will ignite spon- 
taneously, and the jar will be filled 
with black smoke and soot. Here, Fig. 67. 
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* Nascent, see chap. ilL } 25. 
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again, the chlorine nnitea with the hydrogen, and rcjecta 
the carbon.* 

Em. e.— Repeat JEr. A. chap, xii., the result will "be the 
lame as in the last two experiments. 

^./•^Place a piece of phosphoros in. a deflagrating 
spoon, fig. 7, and immerse it in a jar of chlorine, it will 
take fire and bum with a feeble light, forming a 
great contrast to that produced by its combustion 
in oxygen. This feebleness of light is owing to the 
product of combustion (chloride of phosphorus) being 
a liquid, and not a solid aa in the case of phosphoric 
acid* See chap. ▼. } 16.. 

Ex, g, — ^Drop into a jar of chlorine some filings of antimony, heated 
to about 80", rapid scintillating combustion will take place, attended 
by a fahite flame ; the product of combustion wUl be chloride of anti- 
mony, SbCl*. '' Similar experiments may be performed with most of 
the other metals, giring Turious colored 
flames. SiWer and lead give a white color; 
zinc and tin, a bluish white ; iron, a yirid 
red ; copper, a dull red ; arsenic, gold, and 
tellurium, a green. These metals must be 
heated previously to immersion in chlorine, 
and although a very low degree of heat is 
sufficient for some, as lead and zinc, yet the 
combustion is much more rivid if they be 
made still hotter;, for instance, the more 
fusible metals so hot that they can be just 
held in the fingers without burning them, 
and the more refractory metals till they 
change color by heat. The jars used should be rather tall and narrow, 
for those experiments where the powdered metal is sprinkled in." — 
Franc%8. 

14. Hydrodiloric acid, HGl, is a colorless, transparent 
gas^ having intensely acid properties; it is exceedingly 
soluble in water, which at ordinary temperatures absorbs 
more than four hundred times its bulk of the gas. It is 
this aqueous solution which is sold in the shops, and is 
sometimes called muriatic acid. 

* The chlorine may be obtained for this and similar experiments by 
putting a little ** chloride of lime" into a wide-mouthed bottle or jar, 
and adding some dilute hydrochloric acid, the gas will very soon fill the 
iar. 
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14. Hydroehloric acid hf genendly obtained by deeom- 
posing comiAon or sea-salt by salphuric acid, hence it was 
formerly named marine acid or spirit of salt, 

NaCl+HO,S03=NaO,S03,+HCl. 

Hydrochloric acid may also be formed by the direct union 
of eqaal measures of hydrogen and chlorine. 

£». h. — Mix together in a jfn eqjual measures of chlorine gas and 
hydrogen ; expose the mixture to light, the gases will unite, and form 
the hydrochloric acid in a gaseous state, and without water. 

If the ahove he exposed to the direct rays of a hot sun, the gases 
will ordinarily combine with such rapidity as to explode with violence. 
*^ Procure a tube 12 inches long, of half an inch internal diameter, fill it 
with the mixed gases, and expose it to a full light, the combination of 
the gases will almost instantly be seen to commence by the cloudy 
appearance produced within the tube ; now cover over the tube, and 
the action will cease until a second time exposed, and thus by repeat- 
ing the experiment, the action of light upon the gases is beautifully 
shown, while from the small size of the tube, there is no danger in 
submitting the whole to the direct rays of the sun." — Francis, 

Ex. t. — ^Perform Ex. g^ chap. xii. with equal measures of chlorine 
and hydrogen, the gases will eiBplode with a loud report. Turn the 
mouth of the bottle downwards into a basin of water colored blue by 
litmus. The hydrochloric acid gas will be rapidly absorbed, the water 
will rise in the bottle, and become red, proving the acid character of 
the gas. 

1 5. When hydrochloric acid is added to a metallic oxide, 
mutual decomposition ensues, the oxygen and chlorine 
change places, for the hydrogen of the acid combines with 
the oxygen of the oxide to form water, while the chlorine 
combines with the metal to form a metallic chloride. 

*M0-fHGl=HO-fMCl. 

16. Bromine, Br. — This is one of the rarer elements, 
being found only in small quantities, combined with 
scdium or magnesium, in sea-water, in marine plants and 
animals^ and in some mineral springs, especially those of 
Kreuznach in Prussia. It was first discovered in 1826, by 

* M stands here for any metal. 

I2 
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M. Balard, a French chemiit, who obtained it from the 
liquid remaimng after the crystallkation of common salt at 
the salt-works of Montpelier, and named it Bromine* on 
account of its very offensiye and suffocating odor. 

17. Bromine is a highly poisonous and very corrosive 
liquid, of a reddish brown color, and about thre^ times as 
heavy as water. It is very volatile, emitting even at ordi- 
nary temperatures a red vapor, resembhng that of nitrous 
acid, and nearly 5| times as heavy as atmospheric air. 
When cooled a little below Of, bromine becomes solid, crys- 
talline, and brittle. At 116^ it boils. It is sUghtly soluble 
in water, but more so in alcohol and ether ^ like chlorine, 
it is a powerful bleaching agent. When added to a solution 
of starch, it forms a compound of a pale orange color. 

18. Bromine unites with oxygen and hydrogen to form 
bromic and hydrobromic acids, its combinations with the 
other elements are termed bromides. The bromide of 
potassium is occasionally used in medicine and the arts. 

Bromic acid, Symbol BrO^ Combininffequivalent 118 

Hydrobromic acid, „ HBr „ „ 79 

Ex. i. — Place a piece of phosphoras in a de^agrating spoon and 
immerse it in a jar of the vapor of bromine ; it will immediately burst 
into flame. 

£ap. At.— Immerse a burning taper into a jar of the vapor of bro- 
mine ; the flame will assume a duU red and green tint, and be speedily 
extinguished. 

Ex. /.—Drop into a jar of the vapor of bromine a few grains of pow- 
dered tin, or some filings of antimony, the particles of metal will 
become red-hot, and resemble a shower of fire. 

'^The best method of performing these experiments is to have a tall 
jar. Let three or four drops of bromine fall to the bottom of the jar, 
and pour a spoonful of boiling water upon the bromine; (HT better, touch 
it with the point of a red-hot wire."— /V-owcif. 

19. Iodine, I. — This element was discovered by M. Gour- 
tois in 1812. It is found, like bromine, though in greater 

* Bromine, from fipCifioQy bromoif a strong smell. 
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qaantity» in sea-water, marine plants and animals, and in 
some mineral springs. 

20. Iodine is generally obtained from the ashes of sea- 
weed (kelp), by dissolving them in water, filtering and 
evaporating the solution so as to separate the salt by crys- 
UdlizatioD, then mixing the remaining liquid with sulphuric 
acid and binoxide of manganese, and gently heating the 
mixture in a retort; the iodine rises in violet-colored vapors, 
which may be condensed in a receiver in a sohd form. The 
reaction is similar to that shown in the preparation of 
chlorine from common salt ; the iodide of sodium in the 
seaweed, &c., taking the place of the chloride : thus — 

NaI-t-2(HO,S03)-f-MnOj=NaO,S03+MnO,S08-f2HO-fI. 

21 . Iodine at ordinary temperatures, is a solid, occurring 
usually in the form of crystalliue plates or scales, of a 
bluish-black color, and metallic lustre, somewhat resembling 
plumbago, and nearly 5 times as heavy as water. It is 
slightly volatile at low temperatures, at 225^ it fuses, and 
at 375^ it boils, giving off its characteristic violet-colored 
vapor, which is the heaviest aeriform substance known, 
being more than eight times as heavy as common air. 
(sp. gr. 8.716.) 

22. Iodine has a peculiar, pungent odor, and an acrid 
taste 5 it stains the skin of a deep yellowish-brown color, 
which, however, soon disappears. It is readily dissolved by 
alcohol, but so slightly by pure water, that a pound of 
water wiU not dissolve more than a grain of it. One of its 
most characteristic properties is the production of a fine 
blue compound with starch (iodide of starch). 

£x. m, — Place a liitle iodine at the bottom of a flask or long test 
tube, and carefully heat it over a lamp, it will be converted into a 
▼iAlet-colored vapor, while the upper part of the tube will be covered 
with black, lustrous crystals of the condensed or sublimed iodine. 

Note the density of the vapor by the sluggishness with which it 
moves as the tube is inclined to one side or the other. 

Ex. n. — Place a few small pieces of phosphorus, on a tile or plate 
of metal, and when dry, sprinkle a little iodine over them. The two 
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element! will comlnne and giTe out luffident heat to ignite the 
phosphonu. 

Ex, p, — Pat 20 grains of iodine into an ounce of water, scarcely 
any will be dissolved. Add 30 grains of iodide of potassianEi, and the 
whole will be dissolved immediately. 

' This aqueous solution, as well as the solution in alcoh<d, is used in 
medicine, being found useful in cases of glandular swellings, especially 
9crqfula and goitre. 

The following notice of the discovery and application of iodine is 
from Hoblyn's " Manual of Chemistry." "The practical application 
of chemical knowledge in the discovery of new substances is fiill of in- 
terest. One instanee may here suffice. In 4he manufacture of soap, 
the vessel employed is found to be corroded ; a scientific chemist ana- 
lyses the corroding matter, and the result is the discovery of 
one of the most singular and important chemical elements, iodine. 
Curiosity is excited ; the origin of the new substance is traced to the 
sea plants, from whose ashes soda, the principal ingredient of soap, is 
obtained, and ultimately to the sea-water itself. It is thence hunted 
through nature, discovered in salt-mines and springs, and pursued into 
all bodies which have a marine origin ; among the rest, into sponge. 
A medical practitioner then calls to mind a reputed remedy for the 
cure of one of the most grievous and unsightly disorders to which the 
human species is subject — the goitre^ which infests the inhabitants of 
mountainous districts to an extent that^ in this favored land we have 
happify no experience of, and which was said to have been originally 
cured by the ashes of burnt sponge. Led by this indication, he tries the 
effect of iodine on that complaint,and the result establishes the extraordi- 
nary fact, that this singular substance, taken as a medicine, acts with the 
utmost promptitude and energy on goitre, dissipating the largest and 
most inveterate in a short time, and acting as a specific, or natural an- 
tagonist, against that odious deformity. The history of chemistry is 
full offsets of equal, or greater interest and importance." 

Ex, 0. — Make a little starch paste, such as laundresses use, by boil- 
ing some starch with water, in a test tube. Put a small quantity of 
this paste jnto a glass of water, and add a few drops of a solution of 
iodine, a deep blue iodide of starch will be immediately produced. 
The blue color disappears when the liquid is heated. 

23. The chief compounda of iodine with oxygen, hydro* ^ 
gen, and nitrogen are — 



Iodic acid, 


Symbol IO5 


Com. equiv. 166 


Hydriodic acid, 


„ HI 


„ „ 127 


Teriodide of Nitrogen, 


„ NI, 


,• „ 392 
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24* Teriodide of Nitrogen, NI3, is an explosive sub- 
stance like the terchioride, NCI,, but more easily prepared, 
and by no means so dangerous. 

Ex, p, — It is obtained by patting iodine into a solation of ammonia, 
NH^ The ammonia is decomposed, bydriodic acid is formed by the 
union of its hydrogen with one portion of the iodine, while its nitrogen 
unites with another portion ; the result is an insoluble dark brown pow- 
der, which mi^ be collected and allowed to dry of itself in small por- 
tions, on separate pieces of blotting paper. When dry, this powder 
explodes at the slightest touch, so that it cf nnot be moved. If only 
tmaU quantities are operated with, and ordinary care be used, there is 
no danger attending its explosion. 

26. Fluorine, F. — ^This is an elementary substance 
contained in a few minerals, and especially in Derbyshire 
spar or fluor-spar, which is a fluoride of calcium, CaF. It 
is aLsD found in small quantities in sea water, and in various 
planti; also in shells, coral* and bones, and especially in 
the eaamel of the teeth. 

26. Fluorine has never yet been obtained perfectly pure, 
owing 'to its great affinity for most of the metals and for 
silicoi, (the basis of flint, and one of the ingredients of 
glass^. It is believed to be a yellowish-brown gas, similar 
in its general properties to chlorine. 

27 Hydrofluoric acid, symbol HF; comb, equiv. 19. 
This is the most important of the compounds of fluorine. 
It is obtained from fluor-spar by the action of sulphuric 
acid; just as hydrochloric acid is obtained from salt. 

CaF+ HO,S03=CaO,S03+ HF. 

It is a colorless, corrosive gas, distinguished for its power 
oc dissolving glass, hence it must be prepared in platinum 
cfr leaden vessels. Advantage is sometimes taken of this 
corrosive property^ for the purpose of engraving or etching 
•n glass. 

M» q, — ^* A plate of glass is covered with a thin coating of wax, 
and blackened by holding it over the flame of a candle, the design 
being then traced upon the surface with a needle. The plate thus 
prepared, is placed over a leaden vessel of sufficient size, contain- 
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ing a mixture of pulverized fluor-spar and sulphuiic acid, which is 
gently warmed. The pupgent, acid-smelling 
vapor of hydrofluoric acid (HFl) is evolved, and 
attacks the glass wherever it is bare. After 10 
or 20 minutes, the plate is removed, and gently 
warmed, iu order to free it* from wax, when the 
etching becomes distinctly visible. The vapors 
*»g« w. ^£ hydrofluoric acid are, it must be remembered, 

very pernicious, and attack even the skin ; the greatest care is there- 
fore required." — Schoedler. 

EXERCISES ON CHAPTER XVI. _ 

1. Why may Chlorine, Bromine, Iodine and Fluoriue be clissed 

together ? 

2. Give their symbols and combming equivalents. 

3. By whom was chlorine discovered ? Whence does it derVe its 
name? 

4. Where is chlorine found in nature ? 

5. State some of the leading properties of chlorine. 

6. How may chlorine be liquefied ? 

7. How may chlorine be prepared from hydrochloric acid? 

8. Explain fully the reaction that takes place between hydr6diloric 

acid and binoxide of manganese. 

9. How may chlorine be obtained from salt ? Describe tie re- 

actions that take place. 

10. What are the principal compounds of chlorine? Give their 

symbols and combining equivalents. 

11. For what is chlorine chiefly used ? 

12. How may the disinfecting and bleaching properties of chhrine 

be accounted for ? 

13. State the properties of hydrochloric acid. 

14. Describe the methods of obtaining hydrochloric acid. 

15. What change tak^s place when hydrochloric acid is added to \ 

metallic oxide ? 

16. Where is bromine found ? by whom was it discovered ? whence 

does it derive its name ? 
17* State the leading properties of bromine. 

18. What are the chief compounds of bromine ? 

19. When and by whom was iodine discovered ? 

20. Describe the mode of preparing iodine. 

21. estate the leading properties of iodine. 

22. What is the most characteristic test of iodine ? 

23. Name some of the chief compounds of iodine^, with that symbols 

and combining equivaleutSK 
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24. . Describe- the properties tnd mode of preparation of teriodlde of 
azote. 

25. Where is^fluorine met with in nature P 

26. What is known about fluorine ? 

27. State the properties and mode of preparation of hydrofluoric 

acid. 



CHAPTER XVII. 

BORON AKD SILICON. 

Boron, Symbol B Combining Equivalent 11 
Silicon, f, Si ,, „ 22 

1 . Boron is one of the rarer elements, being but sparingly 
diffased through nature, and then only in combination with 
oxygen, forming boracie acid, BO3, from which substance it 
may be obtained, by fusion with potassium, thus — 

4B0a + 3K=3(KO,B03) + B. 

2. Boron is a brownish-green, infusible, and insoluble 
powder, unalterable by exposure to the air, at common 
temperatures ; when heated to about 600^, it combines 
with oxygen and bums with considerable briJliancy, form- 
ing boracie acid. 

3. Boracie acid, B03,=35. This substance is found in 
a free state in the hot springs of Tuscany, and in com- 
bination with soda, forming borax or biborate of soda, 
(NaO,2BOa-f lOHO,) which is brought to England from 
Eastern Asia under the name of tincaL 

4. Boracie acid is generally seen in the form of white 
pearly crystals, soluble in water and alcohol. The latter 
solution bums with a beautiful green flame. 

When heated, boracie aqid first parts with its water of 
crystallization, and then fuses, forming when cold, a trans- 
pJEurent, colorless glass-like substance. 
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£g, a.— Break a crystal «r two of borax to powder, and add a few 
drops of sulphuric acid, to set free the boracic acid ; next pour on the 
mass a little alcohol, and set light to it, the green color already referred 
to will be readily observed. 

(NaO,2B(Vhl0HO)+HO,SO3=NaO,SO8+2BOs+llHO. 

5. Silicon, Si, never occurs in nature in a free or un- 
combined state, but is always found in union with oxygen, 
forming nUdc acid or silica, from which it may be ob- 
taiued, as in the case of boron^ by fusion with potassium ; 
thus, — 

4SiO,+3K=3(KO,SiO,)+Si. 

6. Silicon* seems to occupy among mineral substances 
a similar place to that held by carbon among vegetable and 
animal bodies, being a chief constituent of the crust of the 
globe^ and, perhaps, next to oxygen, the most abundant 
element in nature. It is a dark brown powder, insoluble 
in water^ and not easily oxidized ; when strongly heated, it 
combines with oxygen, forming silicic add. 

7. Silicic acid, or silica, SiO,, may be prepared by heat- 
ing flint or rock crystal to redness, and quenching it in 
water, when it may be easily reduced to a fine, white, taste- 
less, gritty powder which is nearly pure silica, and which 
after being strongly heated is quite insoluble in water^ or 
acids, except the hydrofluoric. 

8. Quartz and rock-crystal are nearly pure silica, whilst 
flint, agate, comeiian, chalcedony, onyx, jasper, opal, ame- 
thyst, and many other minerals consist of silicic acid, more 
or less combined with metallic oxides. These minerals are 
distinguished by a peculiar hardness, which enables them 
to give sparks with steel, and to scratch glass. 

9. Silica neither tastes sour, nor reddens vegetable blues, 
yet when raised to a high temperature it exhibits powerful 
acid properties, and combines with many metallic oxides, 
forming the class of compounds termed silicates. The 

* Silicon or silidum, from the Latin, sileSi diUcis^ flint or aancjf of 
which it is the basis. 
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minerals jiut named are Bilicates ; glass, porcelain, and 
earthenware are silicates of potass, soda, lime, or alumina 
formed at a high heat. 

10. If silicic acid be heated to redness with an excess 
of potass, soda, or lime, it forms a solable silicate, which 
may be decomposed by adding a stronger acid, such as the 
hydrochloric, the silicic acid is separated in an alio tropic 
state under the form of a gelatinous or jelly-like mass, 
soluble in pure water. It loses iu solubility^ however, when 
heated. 

1 1. Silica in its soluble state is nearly always present in 
springs and mineral waters : in this state, too, it enters into 
planU, in many of which it exists abundantly, particularly 
in the stalks of the various grasses, to which it communi- 
cates stififness and strength ; it may be readily detected in 
their ashes after they «re burned. 

12. The soluble glass formed in § 10 has been used to 
wash over timber, and other combustible materials to 
render them fire-proof; the effect is to fix a coating of 
silica on the timber, &c., which in some degree preserves 
it, yet too slightly to be of much service. 

EXERCISES ON CHAPTER XVII. 

1. Where is boron found, and how may it be obtained ? 

2. Give the symbol, combining equivalent and leading properties 

of boron. 

3. What is boracic acid, and where is it found? 

4. Describe the properties of boracie acid. 

5. How may silicon be •btained ? 

6. Whence does silicon derive its name? What are its chief 

properties? 

7. What is siUca, and how may it be obtained ? 

8. Name some natural and artificial compounds of silica. 

9. Why is silica considered an acid ? 

10. What is the allotropic form of silica, and how may it be 

prepared? 

11. Of what use is sUica in nature ? 

12. For what purpose has *' soluble glass^' been employed ? 
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GHAPTBB XVIII. 

KSTiJiS* 

1. The tecond «nd larger group of ^^ff^^H^^^^ 
consbU of the metab. They are fifty-two in number, 
•eren only of which— tIz.: gold, silver, mercury, copper 
iron, tin, iind lead-were known to the anciente. AU the 
others, except three,— antimony, zinc, and iMfflDauth — 
have been discovered within the last 150 years. Some ot 
the metals are widely diffused througb nature, while many 
are of very rare occurrence. 

2. The metals are distinguished from the non-metallic 
elements, by a peculiar brilliancy, termed the metaUie 
lustre, and by their being good conductors of heat and 
electricity. They exhibit, however, great variations in 
these as well as in their other properties, and in their 
colors. When reduced to a state of minute division, as by 
filing, or any other means, the metaUic lustre is lost, but 
the color remains* 

3. With the single exception of mercury, the metals are 
solid at the usual temperature of the air ; but they aHH/use 
or become Uquid by heat, and if the temperature could be 
raised sufiSciently high, they would probably aU pass off 
into vapor, as zinc, mercury, and arsenic are known to do. 

4. The fusing or melting point of metals -varies ex- 
tremely from — ^39° F., at which temperature mercury 
appears sohd, to the intense heat of the oxy-hydrogen 
blow-pipe, which ia necessary, to fuse platinum and some 
other metals. 

• Antimony was described by Basil Valentine in tbe fifteentb cen- 
knry. Zimj ia noticed by Agricola in 162 J a.d. Bismuth is firat - 
tiODCd by Paracelaua in tbe sixteenth century. 
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The following^ table shewing the fasibtlity of Afferent metab ig 
taken firom Thenard's Chemistry, YoL 1« 



Fusible 

below a 

red-heat 

1000» 



Infiuible 
below a < 
red heat 





P. 




Mereiiry 


— 39« 


Potassiam 


136 


Sodmm 


190 


Tin 


442 


Cadmiam, about 


442 


Bismuth 


497 


Lead 


612 


Telloriam 


6b0 


Zinc 


773 


Antimony, a little below 




. red heat 




.saver 
Copper 


1873 


1996 


Gold 


2016 


Cobalt! rather less fusi- 
NickelJ ble than iron 






Iron (cast) 
Iron (wrought) 


2786 


3300 


Manganese 


3300 


Palladium 






Molybdenum 


almost infusible, and 




Uranium 


not to be procured 




Tungsten 


in buttons by the heat 




Chromium ^ 
Titanium 


of a smith's forge. 


Fusible by 
^the oxy- 


Cerium • 
Osmium 


Infusible in the 


hydrogen 
blow- 


Iridium 


heat of a smith's 


pipe. 


Rhodium 


forge. 


Platinum 






Tantalum 


^ 





5. Amoqg the Tolatile metals, that is, those which pass 
off in vapor at comparatively moderate temperatares, are 
niercury, cadmiam, arsenic, telluriam, zinc, potassiam and 
sodium. 

6. The metals differ greatly from each other in specific 
gravity. Some, like potassiam and sodiom, are lighter than 
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water ; the more common ones are seven or eight times as 
heavy as water. The heaviest metal is platinum. 

Table of the Specific Chravities of the more common metals, 
at 60® F. compared with Water as the standard. 



Potassium 


•865 


Iron (cast) 


7-2 


Sodium 


•972 


Iron (wrought) 


7-7 


Magnesium 


17 


Nickel 


8-2 


Aluminium 


2-6 


Copper 


8-8 


Arsenic 


5-8 


Bismuth 


9-8 


Antimony 


67 


Silver 


10-4 


Zinc (cast) 


6-8 


Lead 


11-4 


Manganese 


. 7-0 


Mercury 


13-5 


Zinc (rolled) 


M 


Gold 


19-2 


Tin 


7-2 


Platinum 


21-9 



7. Some of the metals are midieable,'*' that is, they can be 
rolled into thin sheets or beaten into leaves, as gold, copper, 
tin,&c. Other metah are so brittle that they may be reduced 
to powder by hammering, as arsenic, antimony, &c. 

8. Nearly all the malleable metals are ductile,t that is, 
they can be drawn out into wire. It will be seen from the 
following table, that the ductility and malleability of the 
same metal, are not always in proportion to each other. 



' of MalleahaUy. 
Gold. 


Order of Duetmy, 
Gold. 


Silver* 


Silver. 


Copper. 
Tin. 


Platinum. 
Iron. 


Platinum* 
Lead. 


Copper. 
Zinc. 


Zinc. 


Tin. 


Iron. 


Lead. 



*' Malleable, from the Latin malleus^ & hammer, maul or mallet., 
t Ductile, from the Latin ducere, to draw or lead. 
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'toId is the roost nalleabls of the metals'.. A. grain of gold may be 

iicn out so as to cover above fifty sqaare inches of surface, or some- 

.at more space than is occupied by the two pages of this book now 

;'en. Gold is also the most ductile of the metala. A gold wire may 

.' drawn out so fine, that 550feet of it will weigh only one grain. 

10. The teDRcity'i' of metalfr is measured by finding the 
j;reate8t weight which caa be supported by a wire of a cer- 
tain thickness. The following table shews the weights 
capable of being supported by wires of different metals, 
each wire being about one-tenth of an inch ('840 of a line) 
iu diameter. From this table it would appear that iron is 
the most tenacious of the metals. 

lbs. 



Iron . 


549-25 


Copper 


302-278 


Platinum . 


274-32 


Silver 


187-237 


Gold 


. 158-753 


Zinc 


109-54 


Tin . 


34-63 


Lead 


27-621 



11. All bodies expand when heated, but metals expand 
the most. An iron wire heated to 212° will be about g^th 
part longer than it was at 32°. The action of the common 
thermometer depends on the ready expansibility of mercury. 

£9. «.— The expansion of metals may be shewn by arranging a 
brick, ft knitting-needle, 
or piece of wire, and a 
thin board, as in the 
figure. On heatmg the 
wire with a spirit lamp, 
the hoard if carefully 

anced will be over- 

ned. 

12. Many of the 
itals combine with Fig. ei. 

* Tenacity, from the Latin tenax, tenads, holding on. 
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each other, forming compounds termed a//oy5, unless one 
of the metals be mercury, when the compound is called an 
amalgam. Thus brass is an alloy of copper and zinc, 
while a looking-glass is *' silvered" at the back with an 
amalgam of mercury and tin. 

Ex. b, — Melt one ounce of zinc in a ladle, and add to it an ounce of 
lead, and an ounce of bismuth. They will form an alloy, so fusible 
that it may be melted in bot water. ^ 

Ex. c. — An alloy of eight parts bismntb, five lead, and three tin, 
will melt at the heat of boiling water, or 212**. 

Ex. d, — If two parts of mercury be added to the last when melted, 
an amalgam will be formed, which remains fluid at a much Itfwer 
temperature, and is used for injecting anatomical preparations. 

13. All the metals combine more or less readily with 
oxygen, and ft*equently in more proportions than one. 
When a metal unites with oxygen it loses its metallic 
lustre, and takes a dull, earthy appearance. The metallic 
oxides may be conveniently arranged in three classes ; — 
1st, Add oxides or acids; — 2nd, Basic oxides or bases; — 
3d, Neutral oxides. 

14. Acids or acid oxides, as shewn in Chap. vii. §| S^ 4, 
are chemical compounds having for the most part a sour 
taste, and the property of changing vegetable blues to red, 
and browns to yellow; their chief and only essential 
characteristic, however, being their power of combining 
with bases to form salts. 

15. Bases or basic oxides are chiefly distinguished by 
their power of combining with and neutralizing acids. 
They include the alkalies, which are strong* bases, having 
alkaline properties, that is, a peculiar acrid taste, such as 
soda, or lime, and the power of turning vegetable blues to 
green, and yellows to a reddish brown. 

* Acids or bases are spoken of as ttrong or weak according as .their 
acid or basic properties are more or less strongly marked. 
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16. The following is a list of the principal basic 
oxides : — 



Alkalies. 

Potass or Oxide of Potasfiiiiin 
Soda *f tf „ Sodium 
(Ammonia »f n Ammonium) 

AXKALIKX EaBTHS. 

Baryta or Oxide of Barium 
Strontia »» u Strontiiim 
Lime » ,» »> Calcium 
Magnesia >• ,» Hagnesixim 

Noir-ALEALINB BASES. 

Protoxide of Iron 
Sesqnioxide >> » 



KO 

NaO 

NH4O 

BaO 
SrO 
CaO 
MgO 

FeO 

FeA 

ZnO 

CuaO 

CuO 

PbO 

Ago 

Hg,0 

HgO 

SaO 

CrO 

NiO 

CoO 

MnO 

Mn,03 

SbOs 

17. Neutral Oxides are combinations of oxygen which 
do not possess the properties either of acids or bases. 

Water, or oxide of hydrogen, HO — Carbonic Oxide, or 
oxide of carbon, CO, — and Nitrons oxide, or laughing gas, 
NO, — are examples of neutral oxides among the metalloids. 



Oxide 


M Zinc 


Suboxide 


f> Copper 


Protoxide 


u »» 


>» 


>i Lead 


i> 


„ Silver 


Suboxide 


n Mercury 


Protoxide 


»» »» 


n 


M Tin 


f* 


f> Chromium 


>» 


,f Nickel 


tt 


,. Cobalt 


)» 


u Manganese 


Sesqnioxide 


»» »» 


Teroxide 


f) Antimony 
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Binoxide of Manganese, Mn A— *ai^cI Binoxide of Lead, 
PbOa— and Sesqxdoxide of Bismuth, BijOa,-— are examples 
of neutral oxides among the metals. 

18. The non-metallic oxides are mostly acids; as, sul- 
phuric, carbonic, nitric and phosphoric acid. 

The metallic oxides are for the most part bases; as, 
potass, soda, lime, oxide of lead, &c. 

The strong bases are all oxides, or compounds containing 
one equivatent of oxygen, and one of metal. 

The weaker bases are usually sesqui-oxides. 

The metallic acids are found only among the highest 
oxides, while the indifferent or neutral oxides hold an inter- 
mediate position. 

19. The oxides of manganese afford a striking illus- 
tration of the gradual change of properties by the increase 
in the proportion of oxygen : thus 



Protoxide of Manganese 
Sesquioxide „ „ 

Binoxide „. „ 
Manganic acid 
Permanganic acid 



strong base, 
weak base., 
neutral. 



MnO 

MnA 
MnOj 

M;O^J.tronglyacid. 



20. The chief metallic acids are — 

Arsenious acid AsOs Antimonious acid Sb04 

Arsenic „ AsOs Antimonic ,» SbOg 

Chromic „ GrOs Manganic „ MnO, 

Molybdic „ M0O3 Permanganic „ MnoO; 

Titanic „ TiO^ Tungstic „ WO, 

To these may be added the following, which, under certain 
circumstances, exhibit acid properties : — 

Ferric acid or Teroxideof Iron FeO, 

Auric ,, „ Sesquioxide of Ck)ld AuaOs 
Stannic „ „ Peroxide of Tin SnO, 
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21. Metals differ greatly in their relative affinities for 
oxygen. 

Potassiam and sodium, for instance, are oxidized by 
mere exposure to the air, and decompose water at all tem- 
peratures whenever they come into contact with it. 

Iron and copper remain unchanged in dry air, and do 
not decompose water at common temperatures ; but each of 
them oxidizes slowly in a moist atmosphere, and combines 
rapidly with oxygen when heated to redness. 

Iron, however, seems to have a stronger affinity for 
oxygen than copper ; for the former can decompose water 
at a red heat, while the latter cannot produce that effect. 

Mercury will remain unoxidized even in a moist atmos- 
phere, and, though it pombines with axygen at about 
650^ F., its oxide is reduced to a metallic state when heated 
to redness. 

Neither gold, nor platinum, can be oxidized by exposure 
to heat alone. They are only made to combine with 
oxygen by an indirect and difficult process. 

22. The metals may be conveniently arranged in six 
groups, based on the nature of the compounds which they 
form with oxygen. 

Many of the metals being exceedingly rare, and not sufficiently im- 
portant to be considered in an elementary work, their names haTe 
been omitted from the following table, but will be found in the general 
list of elements, pages 9, 10, 11. 

CiiASSDricATioir of the Metals* 

1 . MetaU of the Alkalies, * 

Potassium. Lithium. 

Sodium. (Ammonium). 

2. Metals of the Alkaline Earths. 

Barium. Calcium. 

Strontium. Magnesium. 

K 2 
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3* Metals of the Earths proper. 
Aluminium. Glucinium, &c. 

4. Metals whose oxides form powerful bases. 

Manganese. Zinc. 

Iron. 'Cadmiam. 

Chromium. Copper. 

Nickel. Lead. 

Cobalt. Bismuth. 

5. Metals whose oxides are weak bases or acids. 

Tin. Antimony. 

Arsenic. Tungsten, &c. 

6. Metals whose oxides are reducible by heat alone. 

Mercury. Gold. 

Silver. Platinum, ,&c. 

EXERCISES ON CHAPTER XVIII. 

1. How many metallic elements are there? Name those which 

were known to the ancients. 

2. How are the metals to he distinguished from the non-metallic 

elements ? 

3. What is the natural state of the metals at ordinary tempera- 

tures ? 

4. Give the fusing point of the principal metals. 

5. Name some of the volatile metals. 

6. State the specific gravities of some of the metals. 

7. When are metals said to be malleable ? 

8. Why are some metals termed ductile ? 

9. Name the metals in their order (1.) of malleability, (2.) of 

ductility. 

10. How is the tenacity of metals estimated ? Which metal is the 

most tenacious ? 

11. How may the expansibility of metals by heat be illustrated ? 

12. What are alloys and amalgams ? 

13. How may the metallic oxides be classified ? 

14. What are acids ? 

15. What are bases } What are the properties of an alkaline base ? 

16. Name the most important bases, and state their composition. 

17. What are neutral oxides ? Give examples. 
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18. How does the proportion of oxygen affect the chaneter of 

metallic oxides > 

19. Illustrate this by the series of oxides of manganese. 

20. Name the chief metallic acids, and state their composition. 

21. Illustrate the different affinities of metals for oxygen. 

22. How may the metals be conveniently classified ?• 



CHAPTER XIX. 
METALS 'OF THE ALKALIES. 

POTASSIUM, SODIUM, LITHIUM. 

PotaflpQlIL Symbol K j combining equivalent 39 
Sodium. „ Na3 „ „ 24 

Idthium. „ L; „ „ 6 

(Ammonium,) „ (NH4) „ „ (18) 

1. Fotassinm, (or Kaliani, whence the symbol K.) is a 
silvery white metal, so soft at ordinary temperatures that 
it may be readily cut with a knife. At 32° it is brittle, 
and at 150° it fuses. It is considerably lighter than water,^ 
its specific gravity at 60° being 0.865. It occurs abundantly 
in nature, but always in a state of combination. 

2. The most striking chemical property of potassium is 
its great affinity for oxygen, with which it unites to form 
the alkali potass or potash. The affinity of potassium for 
oxygen is so strong, that if the metal be exposed to the 
air it immediately becomes covered with a film of oxide, 
hence it can only be preserved by being kept under naphtha, 
a liquid which contains no oxygen. 

3. Potassium was first obtained by Sir H. Davy in 1807, 
by decomposing hydrate of potass, KO,HO, by means of 
a voltaic current. The oxygen both of the water and the 
potass appearet" at the positive pole, while the hydrogen of 
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the water appeared with the mttstL potassiam at the negative 
pole. 

4. Potassiam is now generally procured, either by fusing 
hydrate of potass, KO,HO, with kou turnings, Fe ; or by 
heating together carbonate of potass, K0,C03, and char- 
coal, G. 

In the first case both the water and the potass are de- 
composed by the heated iron, whicli combines with the 
oxygen, while the liberated potassium sublimes, and may 
be collected in a cool part of the apparatus. 
K0,H0+2 Fe = 2 FeO+H-|-K. 

In the second pro- 
cess, which is similar 
to that for obtaining 
phosphorus, (page 
105), the charcoal 
combines with the 
oxygen, forming car- 
bonic oxide, and the 
potassium is set free 
as before. 

The vessel C must 
be filled with naphtha. 
Fig. 02. And kept quite cool. 

KO,COh-2C-3CO+K. 

Ex. a. — Throw a globule of potassium upon a little water in a plate, 
the water wUl be immedia ely decomposed. Its oxygen combines 
with part of the potassium to form potass, while i s hydrogen unites 
with another portion of the metal forming potassiuretted hydrogen, 
which bums with a rose-colored flame. 

Ex. b. — Put a globule of potassium on 
the surface of ice, a similar action will 
take place, and a similar light will be 
produced. 

Ex. c.^^Perform the experiment de- 
scribed in Chapter IV., p. 21. 
Fig. 68. 
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Ex, d. — ^Perform' Ex. a. with water previously colored yellow by 
turmeric or rhubarb, or rendered blue by infusion of violets or red- 
cabbage ; the yellow will be changed to brown and the blue to green, 
shewing that an alkali has been formed. 

Ex. e. — Put a small fragment of potassium with a little flour of 
snlphnr into a test tube, and hold it for an instant or two in the 
flame of a spirit lamp. The sulphur and potassium vnll instantly com- 
bine, forming sulpburet of potassium. Light and heat will be evolved, 
and the tube will be broken. 

Ex, /. — ^Repeat the preceding, using iodine instead of sulphur ; 
iodide of potassium will be formed, attended with a brilliant light, and 
the breakage of the tube, as before. 

5. Every substance in which oxygen is known to be 
present may be decomposed by the metal potassium, and 
almost all such decompositions are accompanied by the 
disengagement of light and heat. Hence, though not 
applied to any important uses in the arts, it is a valuable 
agent in the hands of the chemist for analysing other 
bodies. 

6. Potass, Potassa, or Protoxide of Potassium, KO, = 47. 
— Pure or anhydrous Potass may be obtained by heating 
potassium in i^y air or oxygen, whereby the metal becomes 
converted into a white solid, which possesses powerful 
alkaline properties, and is extremely caustic ; it fuses at a 
red heat, and is volatile at a white one. 

When this solid is moistened vdth water, it slakes like 
quick-lime, evolving great heat, and forming the hydrate 
of potass, described in the next paragraph. 

7. Hydrate of Potass, EO,HO, = 56.— This substance, 
generally known as caustic potass, is formed whenever a 
solution of potass in water is evaporated to dryness. Thus 
when potassium is burned on the surface of water (as in Ex. 
a,), the water will be found, after the combustion, to contain 
potass ; if this solution be evaporated to dryness, the solid 
substance that remains is not pure potass, but a chemical 
compound termed hydrate of potass, consisting of one- 
equivalent each, of water and potass. No amount of heat 
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can remoTe the water from this compound, for it may be 
fused and even volatilized unchanged. 

8. Hydrate of potass may be procured by boiling to- 
gether hydrate of lime, CaO,HO, and c«irbonate of potass, 
KCXCOj 5 the carbonic acid leaves the potass, and uniting 
with the lime, forms an insoluble carbonate of lime, CaCO.^ 
which is precipitated ; the clear liquid is then drawn off, 
and evaporated to dryness in an iron or silver vessel, when 
the hydrate of potass is left as a white, soluble, deliqueseent 
solid. 

KO,C02+CaO,HO=CaO,C02+KO,HO. 

If the heat be continued, the mass fuses, and may then be 
cast into moulds, forming pencil-like sticks, iu wbic& form 
it is much u^ed by surgeons as a caustic, and by chemists 
for removing carbonic acid gas from ga&eous miictures. 

9. Potass is a constant ingredient in all fertile soils, and 
is found in almost all plants, especially in the leaves and 
young wood, hence It has been termed the vegetable alkali. 
It is known in commerce under the name of pot-ash and 
pearl-ashy which are mixtures of the hydrate and carbonates 
of potass, more or less impure. 

The terms pot-ash and pearl-ash point to the source 
whence we obtain potass, namely, the ashes of land plants. 

JSdf. g, — Pbur a little water over some ashes of burned wood in a basin, 
stir the mixture, and leave it a little while in order to dissolve what is 
soluble. When the heavier parts have settled, strain off the clear 
liquor, boil it to a thick syrup, and set it by to cool ; when cold, it will 
be found a solid mass of impure carbonate of potass. If this be boiled 
with lime as already described, hydrate of potass (caustic potass) may 
be obtained. 

If the hydrate be wanted very pure, it may be dissolved in alcohol 
(spirits of wine), which dissolves only the pure hydrate, leaving earthy 
and other impurities behind ; the alcholic solution may then be strained 
off, and the alcohol removed by distillation in a platinum or silver vessel. 
Metallic vessels must be used, as potass combines with silica (flint) and 
alumina (clay), and would consequently corrode glass or porcelain 
retorts. 

10. Potass possesses powerful alkaline properties, being 
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intensely acrid, and neutralizing the strongest acids. It is 
extremely caustic, or destructiye of animal matter, xvhether 
living or dead, hence its use in- surgery. 

It is much employed in the manufacture of glass, also 
in making soft-soaps, and in the processes of dyeing and 
calico-printing. 

Ea. h. — Pour a few drops of oil on some water in a glass, and then 
stir in a little potass, the potass combines with the oil, forming a soapy 
mixture, which, if the water were evaporated, would become what is 
commonly called so/i-soap. 

This accounts for the soft, greasy feel of potass when touched with 
the fingers, the skin is decomposed and the potass forms a soap with 
its oily elements. For a like reason soiled clothes are deaosed by 
boiling with potass, for the alkali unites with the acid of the grease 
contained in tbem, and forms ft soap, soluble in water. 

Sx, «'. — Mix in a crucible 10 parts of potass (common pearl-ash), 15 
of sand, and 4 of charcoal, and heat it in a strong fire ; the potass and 
silica will combine and form a glass (silicate of potass) which is aoluble 
in water. 

11. Sodium, (or Natrium, vrhence the symbol Na), the 
metallic base of the alkali Soda, has a silvery lustre, and a 
slightly reddish tinge. It is so soft that it may be cut with 
a knife, but, unlike potassium, it retains this softness at the 
freezing point, 32° 3 it melts at 194°, and goes off in vapor 
at a red heat. It is somewhat lighter than water, its spe- 
cific gravity at 60' being 0.972. 

12. Sodium very much resembles potassium in its pro- 
jperties, and, like that metal, occurs abundantly in nature, 
but always in a state of combination. Its most important 
compounds are carbonate of soda, NaCO,, and chloride 
of sodium, NaCl. ; in the latter form it composes vast 
beds of rock-salt in various parts of the world, but is 
still more extensively diffused in the waters of the ocean. 
It is also found very plentifully in sea-weeds and marine 
plants, and seems to be always present in the bodies of 
animals. 

12.* Sodium has a great affinity for oxygen, and must, 
therefore, like potassium, be kept in naphtha. 
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It decomposes water rapidly, bat does not burst into 
flame, unless it be placed on a bad con doctor of heat, 
--or its movements be retarded by mixing starch or gum 
in the water, — or unless the water be heated 5 in the latter 
case it takes fire at once, burning with a characteristic yel- 
low flame, and forming a solution of soda. 

Ex, k. — Ttj experiments with sodium similar to those described with 
potassium, Ea, a, b, «, d, e, f, 

13. Sodium was obtained by Sir H. Davy in 1807, by a 
similar process to that whereby he obtained potassium, 
using, of course, the hydrate of soda, NaO,HO, instead of 
the hydrate of potass. 

Sodium is now obtained either from the hydrate or car- 
bonate of soda, by the processes described in § 4 for obtain- 
ing potassium. 

14. Soda or Protoxide of Sodium, NaO = 32. 
Hydrate of Soda, NaO,HO=41. 

These substances have similar properties to those pos- 
sessed by the corresponding compounds of potassium, 
though in a somewhat feebler degree, and are prepared in a 
similar way^ it will be well, therefore, in order to save re- 
petition, to refer at once to §§ 6, 7, 8, making the. neces- 
sary changes in nomenclature. 

15. Soda, being widely diffused throughout the mineral 
kingdom, was formerly termed the mineral alkali, to dis- 
tinguish it from potass, which, as being procured from 
wood ashes, was termed the vegetable alkali. 

Ev. I. — ^Try Ex. y, with the ashes of burned sea-weed, — ^first an 
impure carbonate, and afterwards a faj^ate of soda will be obtained. 

16. Soda is powerfully alkaline, neutralizing the strongest 
acids ;, it is extremely acrid to the taste, and very caustic. 
It is employed in the manufacture of glass, and in making 
hard soap. 

17. Lithium, L=:6. This is a rare metal, somewhat re- 
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sembling sodiam, obtained from a few minerals, and form- 
ing the base of an alkali termed Lithia, LO. .Very little 
is known abont lithium or its compounds ; the latter give 
a carmine color to flame. 

18. Ammonium, NH4=18. This is a hypothetical* snb- 
stance, being, according to some chemists, the metallic 
base of Ammonia, which is a compound, possessing pro- 
perties analogous f to those of potass and soda, and exactly 
replacing them in combination. Ammonium has never 
been obtained in a separate state, and if it really exists, it 
differs greatly from the other metals, inasmuch as it is a 
compound of Hydrogen and Kitrogen, and not a simple 
body. 

19. Ammonia, 17 H, = 17. This is a gaseous body, 
formed by the union of hydrogen and nitrogen. It is 
colorless, irrespirable, and of a pungent, acrid taste. It 
possesses powerful alkaline properties^ and is lighter than 
common air (sp. gr. 0.59). 

If the gas hepetfectly dry^ it has no action on TCgetable colors. (Com- 
pare Chap. VII. § 14.) 

20. Ammonia has a strong affinity for water, which 
readily absorbs more than 700 times its b^ulk of the gas, 
acquiring its odor, taste, and alkaline properties. This 
solution, NHjjHO, is called •* liquor ammonicB" or ** spirits 
of hartshorn," and k the common form in which ammonia 
is sold and used. It has been considered by some as an 
oxide of ammonium, NH4O, which answers to one equiva- 
lent of ammoniacal gas and one equivalent of water, 
NHs-hHO. 

^1. The name ammonia is derived from the old name 
given to chloride of ammonium, NH4CI, saUammoniacum^ 
the Ammoniac salt, from Ammonia, a district in I^otthem 
Africa, whence it was obtained. 

* Hypothetical-— iti^^wdf taken for granted, 
t ^na&T^ottf— corresponding to, resembling. 
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It was formerly called ** spirits of hartshorn" because 
it was obtained by the dry distillation of horns, bones, 
hoofs, and other animal .matter. It has likewise been 
termed the volatUe alkali^^from its readiness to assume the 
gaseous form. 

22. 4.mmonia may be readily prepared by heating to- 
gether in a retort or flask, one part of sal-ammoniac (chlo- 
ride of ammonium) and two parts of quick-lime; and 
collecting the gas over mercury, or by displacement, i. e» 
by carrying the delivery tube upwards into dry inverted 
jars. The decomposition may be shewn as follows — 



Oxide of Ammoniam. 



Chloride 
of 


AxnTnoTiinm. 


Oxygen, 


AmsLO- 


Ghlorime. 


Calcium. 


ninm. 


-v 


i 



> Lime. 



or thus- 



Chloride of Calciiun. 
NH.Cl-hCaO=CaCl+HO+NH3. 



23. A oonsiderable quantity of ammoniacal vapor is 
given off during the distillation of 
coal in the process of gas-making, 
(Chap. XII., § 19). It may likewise 
be proeured, as already stated, by 
distilling in an iron retort, boiiea» 
horns, hoofs, &c. 

In whatever way the gas is pre» 
pared, a solution of ammonia may 
be readily obtained by passing a cur- 
y. ^ irent of gas through water. 

24. Ammonia is one of the most active and valuable 
elements of nianure j it is produced by the putrefaction of 
all organic substances which contain nitrogen. It exists 
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m small quantities in atmospheric air, from which, accord- 
ing to Liebig, it is absorbed by the leaves of plants ; it 
enters their roots when dissolved in water, and greatly in- 
creases the luxuriance of vegetation. 

Ex. n. — Pound together in a mortar small pieces of quick-lime and 
sal-ammoniac. Though separately they have no scent, they will when 
thus mingled give off a powerful odor of ammonia, as above explained. 

Ex. o, — Pass a current of ammoniacal ^i» through water colored 
either with turmeric, reddened litams, or tincture of red cabbage ; the 
color of the first will be changed to trown, of the second to blue, and 
of the third, to green. 

Th€ experiment may be varied by exposing slips of paper moistened 
with the colored liquids to the action of the gas ; or by adding a few 
drops of liquid ammonia to the several solutions in test glasses. 

Ex. p. — Make a very weak solution of sulphate of copper, and add 
to it liquid ammonia ; hydrated oxide of copper is at first precipitated, 
but will be instantly redissolved, and form a beautiful blue solution, 

Ex. q. — Fill a long, dry, glass tube closed at one end with ammo* 
niacal gas ; when quite full, remove it, keeping it perfectly upright, and 
immerse it, mouth downwards, in a vessel of water (containing more 
than sufficient to fill the tube) ; the gas will be rapidly absorbed by 
the water, which will rush up the tube with considerable force. 

Ex. r. — Fill a bag with ammoniacal gas, and substitute it for the 
flask B in the adjoining diagram, and pass the gas over binoxide of 




Fig. 64. 

manganese heated to redness in the tube a b. The ammonia will be de- 
composed, and its elements uniting with the oxygen from the mineral 
will form water and nitrous oxide gas, which latter may be recog- 
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sized by the red fumes resulting from its combination with the oxygen 
of the air — 

NH,+5 MnOa = 5 MnO+3 HO+NOa. 

!?#.«. — Perform Ex, g,^ Chap, XI I.^ using 2 measures of amrooniacal 
gas and \\ of oxygen, explosion will ensue. The oxygen will unite 
with the hydrogen to form water ; the nitrogen will be disengaged ; 
some of the oxygen will unite with the nitrogen to form nitric acid, 
hence the water in the bottle will be tUghtly acid. 

Ex, t. — Heat a globule of sodium (or potassium) with a little mer- 
cury in a test-tube, they will combine and form an amalgam. When 
cold, pour over it a strong solution of chloride of ammonium. The 
mercury will greatly increase in bulk, without losing its lustre, and fill 
the tube with a light pasty amalgam. *' The chlorine and the sodium 
unite to form common salt, while the mercury combines with the am- 
monium, without lofing its metallic lustre. Now there is no instance 
of mercury or any other metal retaining its metallic properties when 
combined with a non-metallic substance. The inference is, therefore, 
that ammonium is a metal."-*— Por/ar^ 



EXERCISES ON. CHAPTER XIX. 

1. State the symbol, combining equivalent, and leading physical 

properties of potassium. 

2. What is the most striking chemical property of potassium ? 

3. When, and by what means was potassium first obtained ? 

4. How is potassium generally procured ? 

5. Why is potassium a valuable chemical agent ? 

6. Name some of the characteristics of pure potass. 

7. What is hydrate of potass ? 

8. How may hydrate of potass be procured ? 

9. Where is potass found in nature r Whence does it obtain its 

different names ? 

10. Name some of the properties and* uses o^ potass. 

11. State the symbol, combining equivalent, and leading character- 

istics of sodium. 

12. How is sodium distributed in nature ? 
] 3. How may sodium be procured ? 

14. State the properties of soda, and of the hydrate of soda* 

15. Why has soda been termed the mineral alkali ? 

16. Name some of the juses of soda. 

17. What is lithium ^ 

18. What is ammonium ? 

19,. Describe the leading properties of ammonia. 
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20. What is liquid ammonia ? 

21. By what names is ammonia known, and whence are they de- 

riyed ? 

22. How may ammoniacal gas he prepared } 

23. . How may liquid ammonia he obtained ? * 

24. Of what use is ammonia ?■ 



CHAPTER XX. 

METALS OF THE ALKALINE EARTHS. 

BABIUM, STRONTIUM, CALCIUM, MAGNESIUM. 



Barium. Symbol Ba. 


Combining equivalent 68. 


StrontLum. ,, Sr. 


14. 


Galcinm. „ Cia. 


20. 


Magnesium. „ Mg. 


12. 



1. Barium is a silvery-looking metal, prepared from 
baryta by a similar process to that described for obtaining 
potassimn. It decomposes water, and oxidizes on exposure 
to air. 

2. It occurs in nature in combination with sulphur and 
carbonic acid, forming veinstone, which is frequently found 
in lead mines, and is called by the miners heavy spar, in 
allusion to its great weight ; (^apvg, barus, heavy.) 

3. Baryta, or Barytes, BaO = 76. — ^This is the oxide of 
the metal Barium, and when anhydrous, is a grey, porous 
mass, and slakes, like hme, when moistened with water, 
forming the hydrate of baryta, BaO, HO. All the solutions 
of baryta are more or less poisonous. 

4. Strontinm is a metal similar to barium, but darker 
in colour, and produced from strontia by a like process ; 
it is found in the lead mines of Strontian, in Argyleahire, 
whence it derives its name. 
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6. Strontia, ■SrO=22.— This is the oxide of the metal, 
strontium, and resembles baryta in almost every particular. 

Ex. a. — Strontia and its compounds may be instantly, known by 
the brilliarlt red color which they gvve to flame \ this may be seen by 
placing a crystal of the nitrate of strontia or some powdered strontia 
into theHame of a candle or spirit lamp. 

6. Calcinm is similar in appearance and properties to 
the last two metals ; it may be obtained, though with diffi- 
culty, from lime, by fusing it with potassium. 

7. Lime, or the oxide of calcium,€aO=28. — ^This is an 
extremely important compound ; it is prepared for build- 
ing and agricultural purposes, by heating chalk or other 
limestones to redness for some hours in a kiln. By this 
process the chalk, which is a carbonate of lime, is decom- 
posed, and the carbonic acid is driven off, while the lime 
remains. When moistened with water it slakes, evolving 
much heat, and crumbling into a soft powder, which is 
the hydrate of lime, CaO,HO. This hydrate parts vdth 
the water again if exposed to a red heat. 

8. The hydrate of lime is slightly soluble in water, and 
it is remarkable that the colder the water, the larger the 
quantity of lime dissolved. The solution is called lime- 
water, and is kept as a test for carbonic acid. 

9. Lime-water has a disagreeable taste, is acrid and 
caustic, like solutions of soda and potass. It has a strong 
alkaline character, turning vegetable blues green, and 
yellows of a reddish-brown, and restoring the blue color 
of reddened litmus paper. 

10. By exposure to the air, it becomes covered with a 
film of carbonate of lime, CaOCOj, which is due to the 
absorption of carbonic acid gas from the atmosphere. 
The hardening of mortar, which consists of lime and sand, 
is owing to the same cause. 

11. Besides being used for makiog mortar, lime is 
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employed in agricultiurey to increase the fertility of the 
soil. Its action in this respect is not well understood* 
but its effects are most striking on clayey soils and on 
lands which contain an excess of yegetable matter, as turf 
or peat. 

12. It prohably improves the peaty soils hy causing the 
rapid decomposition or decay of the vegetable matter con- 
tained in thorn ; and the clayey soils, by decomposing the 
insoluble compounds of potass (silicates, &c.) and setting that 
alkali free to be dissolved by the rain-water and carried into 
the tissues of plants. 

Ex, b, — Place a few small pieces of chalk in a crucible, and snhject 
them to a red heat for an hoar or bo. This will drive off the carbonic 
add, ind lea^e the lime pure. ^ 

Baryta and atrontia may be obtained by treating their carbonates or 
nitrates in a similar manner. 

£x. e. — Stir a little lime in some cold water, and allow it to settle, 
the clear solution is lime-water. Dip a piece of reddened litmus 
paper into some of it, and the blue color will be restored, ahowing 
that it has alkaline propertiea. 

The alkaline properties of baryta and strontia may be shown in a 
similar manner. 

JSx. d, — Boil some of the clear, cold lime-water in a glass flask ; as it 
becomes warm, very amall crystals of lime wiU be deposited, which 
will be again dissolved as the liquid cools. 

13. Magnesium is a soft white metal prepared from 
the chloride of magnesium, MgCl., by fusing it with 
potassium. Neither magnesium nor any of the metals of 
this section have as yet been applied to any useful purpose 
in the arts. 

14. Magnesia, MgOs=20. — This is the only oxide of 
the metal, and is prepared by raising to a white heat in an 
earthen crucible the common magnesia of the shops, which 
is a carbonate. As in the case of lime, the carbonic acid 

is driven off by heat, and there remains, pure, or as it is , 

sometimes called, calcined magnesia. It is a soft white i 

powder, attracting moisture and carbonic acid from the | 

atmosphere. Its alkaline reaction is not so easily shown | 

L I 
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as that of the preyious oxides, hut it completely neutralises 
the most powerful acids. 

EXERCISES ON CHAPTER XX. 

1. Give the names, symbols and equivalents of the metals of the 

alkaline earths. State the properties of barium. 

2. Name some natural combinations of barium. 
3; Describe the nature and properties of baryta. 

4. What is strontium ? 

5. Give the symbol, &c. for strontia* 

6. How may calcium be obtained ? i 

7. How is lime procured ? 

8. What is lime-water ? 

9. Describe the properties of lime-water. 

10. Why does mortar harden on exposure to the air ? 

11. On what kind of soils is lime most useful ? 

12. How does lime act in promoting the fertility of the soil ? 

13. Describe the metal magnesium. 

14. What are the properties of magnesia ? 



CHAPTER XXI. 

METALS OF THE EARTHS PROPER. 

ALTTKnnrM, or axumikium, &g« 

Alirmiwimn^ Symbol Al. Combining equivalent 18. 

1 . AluinlnlTim is prepared hy decomposing the sesqui- 
chloride of alumina, AlsCl,, with potassium or sodium. It 
is a \vhite metal, having the appearance of tin, hut much 
lighter. It does not readily tarnish in the air, and may 
indeed be poured in a melted state from one vessel to 
another vpithout oxidation. 

2. It has recently been prepared in somewhat large 
quantities, with a view to its employment in the arts. A 
cheap method of obtaining potassium or sodium, would no 
doubt liead to the more general use of this metal. 

3. It is highly sonorous, and therefore suited for the 
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manufactare of belb. On account of its lightness and 
tenacity the French government have proposed using it 
for helmets and cuirasses. Its power of receiving and re- 
taining a brilliant polish, combined with its lightness, 
would cause it to be used for many purposes in which silver 
is now employed. 

4. Alumina, or the sesquioxide of aluminium, AlsOss 
50 : — ^This substance is one of the most abundant produc- 
tions of nature. It is found in every region of the globe, 
and in rocks of all ages. The different kinds of clay 
of which bricks, pipes, and earthenware are madie, consist 
of hydrate of alumina in a greater or less degree of purity. 

5. This earth generally appears in rude shapeless masses, 
bat sometimes it is found beautifully crystallized. The 
raby and the sapphure are composed of nearly pure alumina 
with a Uttle coloring oicide. 

6. Alumina is mostly found combined with silica and 
potash, as in the case of the mineral termed felspar, which 
forms the chief constituent of granite, porphyry, and other 
nnstratified rocks, and may be considered a double silicate 
of potash and alumina, Al303,3Si03,+KO,Si03, 

7. The gradual crumbling down of hard granite rocks, 
is owing to the decomposition of the felspar and the re- 
moval of the silicate of potash ; the result is clay, in a 
greater or less degree of purity. The white porcelain clay 
of Devonshire and Cornwall is thus produced from the 
fine white granite of those districts. 

Clays are often colored, owing to the presence of oxide 
of iron or other substances. Clays which contain chalk or 
carbonate of lime are termed^ marls, and may be known by 
their effervescing with acids. 

8. Pure Alumina has neither taste nor sinell, is of a 
white color, and is quite insoluble in water, which, how- 
ever, it readily absorbs. It has a strong affinity for various 
coloring matters 3 hence, it is of great importance in dye- 
ing : the pigments called lake colors, such as crimson 

L 2 
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lake, madder lake, &q., are coloring matters combined 
with alumina. 

£x, a.' — Boil cochineal in water until its color is extracted ; in this 
infusion dissolye some alum (which is a sulphate of alumina and potass), 
and then add ammonia. This will take away the sulphuric acid of the 
alum, and precipitate the alumina, which will carry down with it the 
coloring matter of the cochineal, and leave the liquid clear and 
colorless. The precipitate is carmine. In the same way numerous 
other colors may be made. 

9. The other metals of this class occur only in very 
small quantities, or in extremely rare minerals, and have 
therefore been passed over. 

EXERCISES ON CHAPTER XXL 

1. State the symbol^ equiyaient, and properties of aluminium. 

2. Why is not aluminium in common use ? 

3. For what purposes might aluminium be employed ? 

4. What is alumina? 

5. Name some naturd forms of alumina. 

6. What is felspar? 

7. How is porcelain clay produced P What is marl ? 

8. What are the properties of pure alumina ? 

9. Why are the other metals of this class comparatively unim- 

portant? 



CHAPTER XXII. 

METALS WHOSE OXIDES FOEM POWERFUL BASES. 

Group A — Not precipitable from acid solutions by sulphuretted 
hydrogen, 

MANeAlTESE, IBOIT, OHBOKIUM, NICKEL, COBAXT, ZIKO. 

Manganese, Symbol M, Combining equivalent 28. 

Iron, „ Fe, „ „ 28. 

Chromium, „ Cr, „ „ 28. 

Wickel, „ Ni, „ „ 29. 

Cobalt, „ Co, „ „ 30. 

Zinc, „ Zn, „ „ 33. 
1. Manganese ia a grey metal, something like cast-iron, 
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Tery hard and brittle. It fuses -mth difficulty, and when 
pure oxidises so rapidly, that, like potassium, it must be 
kept in naphtha. It is found in nature chiefly in the form 
of the black oxide or peroxide, MnO], and as a constituent 
of many other minerals. 

2. The black oxid? is employed in the preparation of 
oxygen and chlorine, as already stated ; it is also used to 
give a violet tint to glass, and in the production of artificial 
amethysts. There are several other oxides of this metal, 
some having acid properties, but they are of comparatively 
Uttle importance. 

£x. a, — Mix together in a mortar equal parts of salt-petre (nitrate 
of potass) nd black oxide of manganese ; pnt this mixture into a 
crucible large enough to hold three times the quantity, and expose it 
to a red heat for half-an-hour, or as long as any gas is given off. 
When cold, add a little water to the mass, a green solution of manga- 
nate of potass will be obtained, which may be poured off, evaporated, 
and crystallized. It has been called the mineral chameleon from the 
curious changes it undergoes. 

.Er. b, — Put some of the clear solution formed in the preceding ex- 
periment, or 10 or 12 grains of the crystals into a tall glass, and 
add gradually some water ; the green color soon begins to change 
through light green, blue, purple, to a crimson-red. If a few drops of 
sulphuric acid be added to the green solution, the change to red is in- 
stantaneoivi. These alterations of color arise from the salt attracting 
oxygen. 

Eg. c. — ^Put into either the green or red solution, a piece of wood or 
paper, or other organic substance, and the color will be removed, so 
easily is the acid decomposed. 

J!r. if.— Put some of the crystals into two glasses, and add to the 
one hoiy and to the other, coldt water. The hot solution will be of a 
beautiful green color, and the cold one of^ deep purple. 

Em. e. — Pound sdme flint-glass in a mortar, and add to it a very 
little black oxide of manganese ; fuse the mixture by the blowpipe or 
in a crucible. The glass will become of a beautiful amethyst color. 

3. Iron ia a most important metal, it occurs native to a 
small extent. When pure, it is of a bluish-vvhite color, has 
a metallic lustre, is very soft and tough, exceedingly 
malleable, and highly tenacious. 
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4. The ordinary source of this metal k the clay iron- 
stone which is found in thin beds or nodules, associated 
with coal. The iron-stone consists of the oxide of iron, 
carbonic acid, silica, clay, lime, magnesia, and other sub- 
stances. It is first broken to pieces and heated in a 
furnace to expel the water and carbonic acid, and is then 
ready for reduction to the metallic state. The furnace in 
which this process of reduction or smelting is carried 
on, is usually of large dimensions, sometimes fifty or sixty 
feet high, the interior being lined with fire-bricks. The 
bottom of the furnace is closed, and a blast of air is 
introduced by means of pipes. The roasted iron ore, which 
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cdntains on an average about 30 per cent, of metal, is intro- 
duced at the top, mixed with coal and limestone. It is 
worthy of observation, that the materials necessary for 
the reduction of the iron are all found in the same locality. 
When once the furnace is in operation, the smelting con- 
tinues for years without Intermissibn, f^sh materials being 
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from time to time introduced at the top. It is thought 
that the iron is reduced to its metallic state in the central 
parts of the furnace, where the temperature is very 
high. As the mass sinks down in the furnace to the 
part termed the boshes, it hecomes more strongly heated ; 
the iron unites with the white hot carhon, forming car- 
bide or carburet of iron, while the silica and alumina unite 
with the lime of the limestone to form a glassy slag. The 
iron and slag now reach the bottom or hearth in a fluid state, 
and arrange themselves according to their weight 3 the 
molten* iron at the bottom, and the slag floating on its 
surface. These are then drawn off through different open- 
ings at the bottom of the furnace, and the iron being run 
into moulds of sand, constitutes the cast-iron or pig-iron of 
commerce. 

5. Formerly these furnaces were heated with coke, but 
by the introduction of hot air through the blast pipes, raw 
coal may be used instead. The air is raised to a tem- 
perature of 600** or 700° by being made to tiraverse a series 
of red hot iron pipes, it is then forced into the furnace by a 
blower, worked by a steam engine. An immense saving of 
fael is effected by this arrangement, which is termed the hot 
blast. 

6. The cast-iron or pig-iron of commerce is converted 
into malleable wrought-iron 
by a process csHledpuddlinp, 
This process is conducted 
in a reveilierating furnace. 
The cast-iron is laid on the 
bed of this reverberating 
furnace, a current of burn- 
ing gases proceeds from the 
fuel, which is reflected to the 
bed of the furnace by the Fig. 66. 

arched roof. The heat soon 

melts the metal, which becomes covered with a crust of the 

oxide of iron. The workman, with an iron rod like a boat ' 
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oar^ diligently stirs the melted mass, so fts thoroughly to mix 
the oxide with the metal, and hring every part of the 
molten mass to the surface. A little water is occasionally 
thrown on the metal, to promote a more rapid absorption 
of oxygen. The object of the process is to convert the 
carbon of the cast-iron into carbonic oxide, CO, and jets of 
this gas may be seen burning with its characteristic blae 
flame on \he surface. The mass gradually loses its fluidity, 
and becomes pasty and granular. The heat of the fumsce 
is now quickly raised, the workmen gather the partidea 
into large balls, which are removed from the furnace, and 
placed under a large hammer — ^by which most of the fluid 
impurities are squeezed or hammered out. The iron is 
then heated a second time, and passed between large iron 
rollers, furnished with grooves ; by which process it is eon- 
verted into the wrought bar-iron of commerce. 

7. When very superior iron is required, the bars thijis made 
are cut into a number of pieces, which are bound together 
and again raised to a white heat, hammered and rolled into 
a single bar. This process is sometimes repeated two or 
three times, and is called fagoting. Wood charcoal is the 
best fuel for the reduction of iron, but the expense is too 
great to admit of its use. 

8. Steel, which is a compound of carbon and iron, is 
made from cast-iron, by bumins out half its carbon, or 
from wrought-iron by restoring half the carbon of which it 
was deprived in the puddling furnace. The latter is the 
process generally adopted, and is termed cementation. It 
consists in burying bars of the best malleable iron in boxes 
containing charcoal powder, and strongly heating them for 
several days. Under these circumstances, the iron takes 
up about one 150th part of its weight of carbon, becoming 
harder and more elastic, but less malleable than before. 

9. The degree of hardness depends on the rate of cool- 
ing. Steel, if heated to redness and cooled slowly, becomes 
almost as soft and malleable as.wxought-irou. This pro- 
cess is called annealing. 
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10. If cooled very suddenly, it becomes as hard and 
brittle as cast-iron ; in this state it is unfit for most uses^ 
and is therefore subjected to another process termed tefn- 
pering. The sort of temper attained, depends upon' the 
degree 6f heat imparted ; for any portion of its original 
softness and malleability may be restored, by reheating and 
slow cooling. 

11. The proper degree of heat maybe ascertained by 
the color assumed by the heated steel. Tools for working 
metals are heated to a pale yellow ; planes and knives to a 
darker yellow ; chisels and hatchets to a purplish yellow ; 
springs to a full purple. In each case the metal is allowed 
to cool slowly. 

12. The colors are owing to the di£ferent degrees of 
oxidation to which the steel is subjected. They may all 
be seen by heating a steel knitting needle in the flame of a 
lamp. Where the heat is greatest, the needle becomes 
blue or purple, shading off into pale yellow on either 
side. 

13. The toughness of wrought-iron depends chiefly 
on its fibrous character, but this toughness slowly disap- 
pears when the iron is subject to continued hammering 
or jarring, in consequence, it is believed, of the develop- 
ment of a crystalline structure, similar to that seen in cast- 
iron when broken. Accidents often happen through 
4he breaking of axles and shafts, in which this change of 
structure has taken place. 

14. Wrought-iron becomes soft at a white heat, and in 
this state two pieces may be united into one by hammering. 
This property, which adds greatly to the usefulness of iron, 
belongs to no other metal except platinum. The pro- 
cess is termed welding, 

15. Another distinguishing property of iron is its sus- 
ceptibility of magnetism. The loadstone itself, in which 
this power was first noticed, is an iron ore. 

Magnetism may be communicated to iron by contact with 
a loadstone or an artificial magnet, but immediately dis- 
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appears from soft iron when the magnet is removed ; steel, 
on the contrary, retains its magnetic power, and does not 
lose it nntil heated to redness. 

16. In air absolutely dry, and in water entirely free from 
air, iron trndergoes no change ; but when both air and 
moisture act upon it together, it speedily rusts or oxidises. 

17. Protoxide of Iron, FeO=36: — ^This is a very power- 
ful haaet completely neutralizing acids. It is almost unknown 
in a separate state, from its great readiness to absorb oxygen 
and pass into the sesqui-oxide. The soluble compounds 
which it makes with acids have genertdly a pale green 
colour, and a disagreeable metallic taste. 

18. Peroxide of Iron, FeA =80: —This body, which is 
a sesqui^xide of iron, and is neai'ly the same as rust of iron, 
occurs native, and is known in mineralogy as specular iron 
ore, and as red or brown hecmatite. It combines with acids, 
forming compounds usually of a reddish color. 

19. Black Oxide of Iron.-~'When iron is heated to red- 
ness in the open air, it rapidly absorbs oxygen, and is 
converted into black scales. Such scales may be seen 
flying off from a mass of red-hot iron as the blacksmith 
hammers it on his anvil. These scales, which have been 
termed by some, the black oxide of iron, and by others, the 
protoxide, are rather to be considered as a mixture of pro- 
toxide and peroxide, FeO+FeaOa. As a natural product, 
it i^ known as the magnetic oxide of iron, or loadstone. 

Ex. /. — Wind a piece of fine iron or steel wire round a lead pen- 
cil so thBi it may form a coil, fasten a bit of thread 
to the end, and dip it in sulphur. Inflame the sul- 
phur, and immerse it while burning, into a jar of 
0](ygen, the wire will immediately begin to burn, and 
fiy off in brilliant sparks. These sparks, if examined 
when cold, will be found very different from the 
<metal from which they were formed, being brittle and 
without raetaUic lustre ; they are the black oxide of 
iron. The inside of the jar will be seen covered with 
a red powder, this is the peroxide of the metal. 
When performing this experiment, some water or 
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wet sand should be placed at the bottom of the jar, in order to catch 
the melted particles, which are so hot that they would otherwise crack 
the jar ; the jar, too, should be rather wide, lest the sparks should strike 
its side and produce the same result. 

Ex. g, — ^To distinguish iron from steel, Let a drop of diluted nitric 
acid fall upon the metal ; and after a few minutes, wash it off with 
water. If the metal be steel, a black spot will be left on it ; if it be 
iron, a whitish grey spot will remain. The acid dissolves the iron in 
both cases, but the carbon of the steel remaiBs undissolved, and pro- 
duces the blackness. 

20. Gfaromiiiin derives its name from the 'Gre^k word 
;^M/ira, chroma^ color, on account of the beautiful color of 
many of its compounds, which are largely used both in 
pamting and dyeing. 

It is a hard, greyish-white, brittle metal, and, like man- 
ganese and pure iron, very difficult to be fused. 

21. Chromium is found chiefly in chrome tron-stone, a 
mineral somewhat abundant in the Shetland Isles and else- 
where, and consisting of oxide of iron and sesqui-ozide of 
chromium, FeO+CrjOa. It forms four compounds with 
oxygen, corresponding to the compounds of oxygen and 
iron. 

2Sf. Protoxide of Chromium, CrO=36« — ^Thisisapower- 
fol base, forming pale blue compounds with acids, and 
rapidly absorbing oxygen. 

23. Sesqui-oxide of Chromium, Cr308= 80:— This 
substance, which is of a fine green color, and much used in 
glass, porccflain, and enamel painting, may be obtained in 
the anhydrous state by heating bichromate of potass; 
KO,2CrO„ to redness in a crucible. One half the acid is 
decomposed, oxygen gas being liberated, and sesqui- oxide 
of chromium remaining mixed with chromate of potass : the 
latter m>ay be dissolved out by water, and the sesqui-oxid^ 
washed and dried. 

2(KO,2CrOa) = 2(K0,Cr08) + 30 + CrjOs. 
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24. Chromic icid, CrO, = 52.— When oxide of chro- 
ndamifl heated withiin fllkali in the air, oxygen is absorbed, 
and a chromate of the alkali formed. 

Chromic acid may be obtained nearly pure by mixing a 
cold saturated solution of bichromate of potass with half 
as much again by measure of sulphuric acid, 

KO,2CrO, + SO, = KCSOj + 2CrOa. 

Chromic acid acts upon and destroys vegetable colors, 
and is hence used to bleach palm oil previous to its manu- 
facture into soap. 

Its compounds are of considerable importance, and -will 
be noticed under the head of chromates. 

25. Nickel was discovered in 1751. It is found (usu- 
ally combined with arsenic) in the Harz mountains, and 
some other places, and also in meteoric stones. The old 
German miners gave it the name of kupfer-nikel, thinking 
it a kind oi false copper ore. 

26. Nickel is white, brilliant, ductile, and malleable, and 
strongly magnetic. Its principal use in the arts is foi^ the 
preparation of the alloy termed German silver, which is a 
mixture of 100 parts of copper, 60 of zinc, and 90 of 
nickel. This alloy is very malleable, and will take a high 
polish. 

27. Cobalt is a metal of a reddish grey color, hard, 
brittle, and fused with difficulty ; it is also strongly mag- 
netic. It greatly resembles nickel, with which metal and 
arsenic it is generally associated. 

28. Oxide of Cobalt, CoO=38:— This substance imparts 
a magnificent blue color to glass : the pigment called mnalt 
consists of gla^B so colored and ground to powder. Zaffire 
and cobalt- ultramarine are likewise preparations of cobalt. 

Ex. h. — Perform experiment e as described under manganese, using 
oxide of cobalt instead of that metal, and the result will be a beautiful 
blue glas. 
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29. Zinc 18 a somewhat abundant metal, of a bluish white 
color ; and brittle at ordinary temperatures. At a heat, how- 
ever, somewhat above that of boiling matter (250° — 300°), it 
is malleable and ductile, and hence it is now used for nume- 
rous purposes instead of lead. At a higher temperature it 
again becomes brittle, so that at 400° it may be reduced 
to powder. At 773° it fuses, and crystallizes if cooled 
slowly ; at a red heat it boils and goes off in vapor. 

30. The most valuable of the ores of zinc are the 
native carbonate or lapis calaminaris, and the sulphuret or 
hknde ; they are found associated with lead ores in Great 
Britain and other parts of the world. 

31. Zinc is obtained by placing the carbonate or sulphu- 
ret of the metal (the latter previously roasted to expel the 
sulphur) into a large earthen retort, vnth one-fifth its 
weight of charcoal ^ this mixture being raised to a red 
heat, the ore is decomposed, the charcoal combining with 
the oxygen,. escapes into the air, while the reduced metal 
distils over as a vapor, and is condensed into the metallic 
state in a vessel of water, into which the tube of the retort 
is immersed. 

32. Zinc is now used for many articles formerly made 
of copper, lead, or iron, as it is cheaper than copper^ harder 
and lighter than lead, and less liable than iron to be in- 
jured by air and water. It is sometimes used as a coating 
to protect iron chains, &c., from rusting. This coating is 
produced by plunging the iron, previously made perfectly 
dean, into melted zinc, which forms an alloy on its surface. 
Iron so covered has ,been called, but without reason^ Gal- 
vanized Iron. 

Zinc is extensively employed in the arts, in combination 
with copper, with which it forms the well-known alloys, 
brass, mosaic gold, pinchbeck, &c. 

33. (hdde of Zinc, ZuO = 41 :— ^Zinc soon tarnishes 
when exposed to moist air, becoming covered with a thin 
film of oxide, that resists further change. 
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When the metal is raised to a red heat, in contact with 
the air, it takes fire and bums with a whitish green flame, 
being converted into oxide of zinc, which escapes in dense 
white fumes, that finally settle into a wool-like substance, 
called by the old chemists Philosopher's wool, 

34. The oxide of zinc may also be prepared by heating 
the carbonate of the metal to redness, or by adding caustic 
potass to a solution of any salt of zinc, such as the sul- 
phate 5 in the latter case, a hydrate of the oxide, ZnO,HO> 
will be precipitated, which is soluble in an excess of the 
alkali. 

35. Oxide of zinc is a> white powder, inodorous, tasteless, 
insoluble in water, and inftisible by heat. At a low red 
heat it becomes yellow, but recovers its whiteness on cool- 
ing. It has been proposed to use oxide of zinc as a 
paint instead of white lead (carbonate of lead), because it 
is prepared with less danger to the health of the workmen, 
and retains its color better when exposed to a smoky 
atmosphere. 

Ex, t. — ^Melt some pieces of zinc in an iron ladle : drop the melted 
me al, little by little, into a pail of water ; the hardened drops are 
CBiWed granulated zinc, and may be removed and kept for making 
hydrogen and for other purposes. When all the metal has been 
poured away, turn the dross out of the ladle into the hottest part of 
the fire. The metallic particles contained in it will burn, as above 
described, with a beautiful flame. 

£x, k. — Put some zinc filings or turnings into a deflagrating spoon, 
together with a small piece of phosphorus, light the latter and plunge 
the spoon into a }9lt of oxygen ; the metal will bum, and give rise to 
dense white fumes of oxide of zinc, ZnO. 

Ex. I. — Hold a leaf of white Dutch metal (which is leaf zinc) in 
the flame of a spirit lamp ; it will .burn with a vivid flame. 

Ex, m. — Melt three or four pounds of zinc ; pour it into a crucible 
which has a small hole in the bottom, stopped with a plug of wood. 
When the surface of the melted metal begins to congeal, pull out the 
plug by a string or wire, so that the still fluid metal may escape into 
a vessel placed beneath to receive it. Upon afterwards breaking the 
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crust in the crucible, the inner surface will be found beautifully crys- 
tallized, the crystals being of a prismatic form and quite brilliant. 
(To preserve the brillianoy, they should be. immediately yamished.) 

EXERCISES ON CHAPTER XXIi: 

1. Gire the symbol^ equivalent, and leading properties of man- 

ganese. 

2. For what is the black oxide of manganese used ? 

3. Give the symbol, &c. of iron. 

4*. Describe the process of smelting iron ores. 

5. What is meant by th^e hot blast P 

6 Describe the process for rendering cast-iron malleable. 

7. What is meant hy fagoting t. 

8. How is steel made ? 

9. What is annealing ? 

10. What is meant by tempering steel ^ 

11. How is the proper heat for tempering steel ascertained ? 

12. To what are the c61ors on heated steel owing? 

13. On what does the toughness of wrought-iron depend ? 

14. What is meant by welding ? 

15. What is load-stone ^ How does iron act with regard to mag- 

netic influences ? 

16. How is iron i^ected by dry air } 

17. Describe the protoxide of iron. 

18. State the properties of peroxide of iron. 

19. What is the black oxide of iron } 

20. What is chromium ^ and whence does it derive its name } 

21. Where is chromium chiefly found } 

22. What is protoxide of chromium } 

23. How is the sesqui-oxide of chromium prepared, and for what is 

it used ? 

24. Describe the preparation and properties of chromic acid. 

25. When and where was nickel discovered? Whence does it 

derive its name ? 

26. State the chief properties and uses of nickel. 

27. State the symbol and characteristics of cobalt. 

28. What are the properties of oxide of cobalt ? 

29. Give the symbol, equivalent^, and leading properties of zinc. 

30. Which are the principal ores of zinc.^ 

31. How is zinc obtained ? 

32. For what is zinc used ? 

33. How is oxide of zinc prepared ? 

34. How is the hydrated oxide of zinc obtained ? 
36. For what is oxide of zinc used ? 
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CHAPTER XXIII. 

METALS WHOSE OXIDES FORM POWERFUL BASES— 
continved. 

Group B — Precipitahle from their solutions by sulphuretted 
hydrogen. 

COPPER^ LEAD, BISMUTH, OADKITJM. 

Copper. Symbol Ca ; Combining equivalent 32. 

Lead. „ Pb ; „ „ 104. 

Bismuth. „ Bi; „ „ 72. 

CadmimxL ,, Cd; „ „ 56. 

1. Copper appears to have been one of the earliest 
metals employed by mankind, having been used for do- 
mestic utensils and weapons of war before the discovery 
of malleable iron. 

The ancients obtained very considerable quantities from 
the island of Cyprus (Ku^^o;, cupros), and this is supposed 
to be the origin of the name copper (cuprum). 

2. Copper is found native or in the metallic state, and 
also in various forms of combination. 

Native copper is foand in abundance on the southern 
shores of Lake Superior. 

The most important of its ores are : — ^the yellow copper 
ore or copper pyrites, which is a double sulphuret of copper 
and iron, CuS-l-FeS ; — the red oxide or suboxide of copper, 
frequently termed ruby copper, CujO ; — and sub- carbonate 
of copper, or malachite, 2CuO,C02,flO. 

3. Large quantities of the last two mentioned ores have 
been of late obtained from South Australia. The mines 
of Devonshire and Cornwall yield chiefly the yellow copper 
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ore^ which is shipped to Swansea, in South Wales, to be 
smelted there, on account of the greater abundance of fuel. 

" By this arrangement the vessels not only carry the smaller quantity 
of material to the greater, but load back with coal for the use of the 
mines.'' 

4. The smelting process is as follow^ — The ore is first 
calctTted, or roasted, in a re- 
verberatory f umace,whereby 
the sulphur, &c. is burnt 

out, going off in the form of 

sulphurous and sulphuric ^^:;:f;^^^if ^^;^!^!!^s^^ -~-^" 
acids, while the copper and ; 'i^^^^^^i^^^ 
iron are both oxidized. The j-/,^. ;. P uTm i Tri i h Trr mirt 
ore thus calcined is strongly ■;lj-ii^ ■.:.■..■. 

heated with charcoal and ■■^■^-r^^. '^''_ ■_: 

sand. Metallic copper, Cu, pig. es. 

and carbonic oxide, CO, are 

formed from the oxide of copper, CuO, and the charcoal, 

C ; while the sand, SK)3, unites with the oxide of iron, FeO, 

forming a silicate of iron, FeO, SiOg, which floats as a 

slag on the surface of the molten metal. 

The roasting and melting processes must be alternately repeated 
several times before pure copper can be obtained. 

The formation of the slag vrith the oxide of iron, depends on the 
fact, that oxide of iron is not so easily reduced to the metallic state as 
oxide of copper. 

5. Copper is a tough, sonorous metal, of a red color, 
and nearly nine times as heavy as water. It is malleable 
both when hot and when cold, and may be reduced to thin 
leaves ; it is also very ductile, and may be drawn into fine 
wire. It is, moreover, the most tenacious metal next to 
iron ; a wire ^th of an inch in diameter, being able to 
support 3021bs without breaking. 

Copper is softened by heating and quenching in water : 
the reverse of the effect produced on steel by such treat- 
ment. 

6. In dry air copper oxidizes but slowly, gradually ac- 
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quiring a brown tarnish, which consists of a merely super- 
ficial film of sab-oxide of copper, CujO. 

In moist air copper oxidizes much more rapidly, soon 
becoming covered mth a green crust which is a carbonate 
of copper, 

7. Protoxide or Black oxide of Copper, CuO=:40 :— This 
substance, which is the base of the ordinary salts of copper, 
is prepared by heating copper to redness, with free access 
of air, or by decomposing the nitrate of copper by a red 
heat. It is a dense, black powder, insoluble in water and 
the fixed al]^alies, but soluble in ammonia and acids. 

Heated with charcoal, or in contact with organic matter, 
it is reduced either to metallic copper or to the sub-oxide. 

8. Suboxide or Red oxide ef Copper, Cu,0= 72 : — ^This 
compound is frequently found in Cornwall in the form of 
beautiful transparent crystals of a fine red color. It forms 
colorless compounds with acids. The sub-oxide of copper 
communicates a red tint to glass, while that given by the 
protoxide is either green or blue. 

9. Sheet, or rolled copper, is used for sheathing ships, 
roofing buildings, making boilers, kettles, and other uten- 
sils, for which iron, on account of its more rapid oxidation, 
would be less suitable. 

Vegetable acids dissolve copper when cold, but not when hot ; hence 
copper vessels, if kept clean^ are not dangerous for cooking, provided 
what is boiled in such vessels be not allowed to cool in them, but be 
instantly poured out. 

Sauces containing vinegar, preserved fruits, jellies, &c., should not 
be suffered to remain in copper vessels, as all the compounds of 
copper are poisonous. 

In case of poisoning by copper, the best antidotes are, fir^t, an 
emetic, and afterwards, milk, wheat-flour, white of eggs, iron filings in 
gum water, sugar or any syrup. Vinegar must be specially avoided. 

JEx, a. — Hold a bright copper coin, by a pair of pincers, in the flame 
of a lamp : notice the changes of color, owing to the various degrees of 
oxidation. If kept in the point of the flame for some time, it becomes 
covered with black oxide, on suddenly quenching it in water, this oxide 
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&11b off in black scales, shewing the reddish brown color of the sub* 
oxide beneath. 

£x. b. — ^Immerse a piece of clean iron or steel, as the blade of a 
knife, in a solation of sulphate of copper (blue Titriol), the surface will 
be speedily covered with a thin film of metallic copper. By this 
means the presence of copper in preserves, pickles, ink, tea, &c., may 
be readily detected 

Bs, e. — ^Eepeat Ea, g., chap, xIt. 

Re. if.— Add a solution of caustic potass to a solution of sulphate 
(or nitrate) of copper, a blue precipitate of the hydrated oxide of 
copper, CuO,HO, will be thrown down ; this, when heated, parts with 
the water, and is converted into the black protoxide, CuO. 

let. CuCSOsH-KCHO = KO,SOj-|-CuO,HO. 
2nd. CuO,HO = HO + CuO. 

10. Copper unites iirith several other metals to form 
alloys, the most important of which are the following : — 

Brass, which consists of different proportions of copper 
and zinc. 

Butch Hetal, which is a kind of brass beaten into 
thin leaves, and used instead of leaf-gold in imitation gild- 
ing and bronzing. 

Bronze, Bell Metal, and Gun Metal, which are com* 
pounds of copper and tin in different proportions, with 
sometimes a little zinc. 

Mosaic gold, which is a kind of brass^ consisting of 3 
parts copper and 1 zinc, with a little tin. 

German silver, which is composed of 2 parts copper, 
1 nickel, and 1 zinc. 

11. Lead is a soft, flexible, bluish-grey metal, easily 
scratched by the nail, and leaving a black streak upon 
paper. Its specific gravity is more than eleven times that 
of water (11.4). It is malleable and ductile, but not very 
tenacious, since a wire -^th of an inch in diameter breaks 
with a weight of less than 301bs. 

12. At common temperatures and in dry air, lead tar- 

M 2 



164 CHEMISTKr. 

nishes slowly, but in moist air it soon becomes coated 'with 
a film of grey matter thought by some to be a suboride^ 
PbA 

13. Lead fuses at about 612^, and if slowly cooled may 
be obtained in octohedral* crystals. It is not volatile, 
for in close vessels^ it can be heated to whiteness, without 
subliming. 

If the metal be melted in contact with the air, it absorbs 
oxygen rapidly, and the surface becomes covered with 
dross^ a mixture of metallic lead and the protoxide, .PbO. 

14. Lead occurs in nature under various mineral forms : 
of these, the most valuable and the most abundantly dif- 
fused is sulphuret of lead, or galena, PbS, which is found 
mostly in the older secondary rocks, and is the chief, if 
not the only source, of the lead of commerce. Galena often 
contains silver, and sometimes in such quantity as to render 
it' worth separating. 

15. Metallic J«ad is obtained from galena, by exposing 
the crushed ore to a dull red heat in a reverberatory fur- 
nace, whereby a portion of the sulphuret, PbS, is oxidized 
by the heated air and converted into sulphate, PbOjSOg. 
The temperature is then raised, whereupon the recently 
formed sulphate and the remaining sulphuret, react upon 
each other, producing sulphurous acid, SO3, and metallic 
lead, Pb. 

This decomposition may be shewn as follows : — 

1st stage 2PbS+40 = PhS+PbCSOj 
2nd „ PbS+PbO,S03=2S03+2Pb. 

16. The scoria (or slag) which float on the surface of the 
melted metal, consist of the earthy matter of the ore 
mixed with a considerable quantity of lead. They are 

* Oc/oAff^ra/— «ight.8urfaced. A solid enclosed by eight trian- 
golar mefaces is termed an ootohedrony plural, octofudra. 
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therefore, remoTed to another famace and re-melted, 
whereby a farther portion of less pure metal is obtained. 

17. Protoxide of Lead, PbO=: 112.— This substance 
is obtaiued by exposing melted lead to a current of air, or 
by beating carbonate of lead (whUe lead) to redness, 
whereby the carbonic acid is driven off. 

If carefully prepared, and not allowed to fuse, it is of 
a pale yellow color« and is known under the name of Man- 
ncot. 

18. When moderately heated, protoxide of lead becomes 
of a deep red color, but recovers its original yellow tint 
on cooling. 

At a strong red heat it fuses, and cools in the form of 
deep brick-red crystalline scales, which are known by the 
nKOie oi Litharge, This substance when boiled with oil 
gives it a drying quality, and is therefore much used by 
painters. 

19. Dentoxide of Lead, Mininm, or Bed Lead, 
Pba04 : — This substance is made by heating the oxide of 
lead (masaicot) in a current of air, so as to oxidize with- 
out fusing it. It is a brilliantly colored and extremely 
heavy powder, much used as a cheap red paint. 

20. Peroxide of Lead, PbOj = 120 : — This compound 
may be formed by the action of nitric acid on red lead. 
The red lead is decomposed into protoxide and peroxide ; 
the former unites with the acid, while the latter remains as 
an insoluble puce*colored powder. 

Pb,04+2N05 = 2(PbO,N05)+PbO,. 

21. Lead placed in distilled water, free from air, re- 
mains unchanged ; but if air be present, the lead is 
gradually oxidized, and the protoxide so formed, being dis- 
solved by the water, renders the latter poisonous. By the 
action of the carbonic acid absorbed from the atmosphere 
by the water, the oxide of lead, thus dissolved, is graaually 
converted into the carbonate, and is precipitated. 
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The purer the water, the more certain the action, hence rain-water, 
or very soft waters, intended for drinking or for cooking purposes, 
should not flow through leaden pipes, or be kept in leaden cisterns. 

22. A small proportion of Bulphuric acid or of some 
soluble sulphate or chloride in the water, entirely prevents 
the corrosion of the lead. Hence spring water, well water, 
or river water^ which generally contains such bodies, may 
be safely kept in leaden cisterns, because the sulphuric 
acid or the chlorine forms an insoluble compound which 
quickly encrusts the surfaces of the cistern and prevents 
any further action on the metal. 

No water should be used for cooking purposes out of new leaden 
cisterns, but time must be given, and the water left unchanged in 
order that the encrustation may be formed. This may be hastened, 
if necessary, by pouring a few drops of sulphuric acid into the water. 

Leaden cisterns should have wooden, not leaden covers, for the 
vapor condensed on the inside of the leaden cover, being pure water, 
would become contaminated with lead, as stated above. 

Ex. e.~PIace some shavings of lead on ignited charcoal, and throw 
a stream of oxygen gas upon them from a bag, or bladder, the metal 
will burn with a beautiful blue flame. 

Ex» /. — ^Rub some peroxide of lead in a mortar with one-fifth its 
weight of sulphur. If the mortar be hot, the two bodies wUl combine 
with great rapidity and burst into flame. 

Ex. y.— Dissolve half-an-ounce of sugar of lead (acetate of lead) 
in water in a large, clear glass bottle ; add a few. drops of nitric acid 
or vinegar, to remove any cloudiness, and hang a piece of zinc in the 
solution by a string fastened to the cork of the bottle. The zinc will 
soon appear covered with particles of pure lead. This arises from the 
greater affinity of acetic acid for zinc than for lead. The zinc gradually 
displaces the lead from the^ acetate of lead, and the solution becomes 
acetate of zinc. 

If apiece of brass wire 
be twisted round the zinc 
as in the diagram, a still 
more beautiful effect is 
produced, the lead branch- 
ing out in leaf-like scales, 
whence the experiment' 
has been named the lead- 
tree. The use of the brass 

Fig.^6e. 
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wire introduces a new and additional cause of decomposition, namely, 
galyanic or electrical action. 

23. Bismuth is a metal generally found native, but 
sometimes in union with arsenic, sulphur, or oxygen. It 
is somewhat abundant in Saxony, Bohemia, and Transyl- 
vania ; it is also met with in Cornwall and Cumberland. 
The metal is obtained from the rock which contains it, by- 
simple heating in inclined tubes, for at a moderate tempera- 
tare the bismuth fuses and runs down into vessels placed 
to receive it. 

24. Bismuth has a reddish-white color, and is so brittle 
that it may be readily reduced to powder ; it fuses at 
49 7^ at a higher temperature it volatilizes and may be 
distilled in close vessels. If a considerable quantity of 
the metal be melted, and allowed to cool gradually, it 
crystallizes in beautifid and well-defined cubes. 

Ex, h, — Perform Ex. a, Chap, xiv., 
using two or three pounds of hismuth 
instead of sulphur, the result will be 
the formation of crystals arranged as 
in the diagram, and presenting a fine 
example of metallic crystallization 

The chief use of bismuth is 
for the purpose of making fusi- 
ble aUoys, stereotype plates, 
queen's metal, &c., and as an 
ingredient in solders. ^*»» ^^' 

See Experiments &, and c. Chap, xviii. 

25. Oxide of Bismuth, BiO == 80. — Bismuth oxidizes 
but slowly in the air at common temperatures, but when 
heated to whiteness it burns vriih a bluish flame, and is 
converted into a yellow fusible powder, which is the pro- 
toxide of th6 metal. 

Oxide of bismuth may likewise be obtained by dissolving bismuth in 
nitric acid, so as to form nitrate of bismuth, BiO,NO^-{-3HO ; on 
diluting the solution vnth water, decomposition takes place, and a 
tnbnitrate of bismuth, 3BiO,N05, is precipitated as a yellowish-white 
powder ; if this be heated to duU redness, the nitric acid is expelled, 
and oxide of bismuth remains. 
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M», i. — ^Wben heated on charcoal before the blow-pipe, bismuth raon 
fuses and burns, coating the charcoal with a yellow oiude. If the 
globule of meUed metal, be allowed to fall on the floor or into a 
pasteboard box, it will immediately divide into numerous smaller glo- 
bule^, radiating la aH directions, and each leaving a distinct yellow 
mark behind it 

26. CadnLinni is a white, malleable, and rather hard 
metal, discorered by Str6meyer in 1817, and found in 
small quantities associated with ores of zinc. It fuses at 
442^, and is Tolatile at a low red heat. It tarnishes but 
little in the air, but burns when heated to whiteness, form- 
ing Oxide of Gadmium, GdO»>64. 

27. Neither the metal itself, nor its compounds are 
employed either in medicine or in the arts, except perhaps, 
the sulphuret, CdS, which has been introduced as a pig- 
ment under the name of cadmium yellow. Cadmium, like 
bismuth, is more readily dissolyed by nitric, than by any 
other acid. 

EXERCISES ON CHAPTER XXIII. 

t. 'Mfhence is the name copper derived ? Give the symbol and 
combining equivalent of copper. 

2. How ia copper found in nature ? 

3. Whither is the copper ore of Cornwall aud Devonshhre carried, 

and why ? • 

4. How is metallic copper obtained from copper pyrites ? 

5. State the leading properties of copper. 

6. How is copper adSected by the air ? 

7. Describe protoxide of copper. 

8. Give an account of the suboxide of copper. 

9. For what purposes is copper emploved ? 

10. Give the names and composition of the most important alloys 

of copper. 
\\, Give the symliol, and physical characteristics ol lead. 

12. How is lead affected by the atmosphere? 

13. How is lead affected by increase of temperature? 

14. What is the chief source of metaliic lead ? 

15. How is lead obtained from the ore? 

16. What is meant by drostt alasf, or seorUe t 

17. What is massicot, and how is it prepared ? 

18. What is litharge, and for what is it used? 

19. What is red lead? 

20. How may peroxide of lead be obtained ^ 
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21. How it lead aeted on by pure water } 

22. When may leaden cisterns be osed with safety ? 

23. Whence is bismuth obtained ? and by what process ? 

24. Name some of the leading properties and uses of bismuth. 

25. What is oxide of bismuth, and how may it be prepared ? 

26. MTfaat are the leading properties of cadmium ? 

27. To what uses has cadmium been applied ? 
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CHAPTER XXIV. 

METALS WHOSE OXIDES FORM WEAK BASES, OR ACIDS. 

TIK, ABSEin:0, ANTIMOUT, &C. 

Combining equivalent 58 

,, 129 

1 . Tin (Latin, Stannum) ia a comparatively soft and brittle 
metal, of a silvery-white color, emitting a peculiar odo^ 
when rnbbed, and producing a characteristic grating or 
crackling noise when bent ; this is probably due to the 
disturbance of its crystalline structure, and the destruction 
of cohesion among its particles. 

Tin is somewhat more ductile and tenacious than lead, 
and BO malleable, that it may be reduced into leaves (tin" 
foil) x^o^ th of an inch in thickness. 

2. At ordinary temperatures tin is but slightly oxidized, 
even by the combined action of air and water ; but when 
heated beyond the fusing point (442*) it oxidizes rapidly, 
being gradually covered with a grey powder, which is the 
protoxide, SnO. If heated to whiteness ii^ the air, the 
metal takes fire, and passes into the state of peroxide, 
SnOj ; if similarly heated in close vessels, it sublimes. 

Ex. a. — ^Let a globule of tin, melted to a white heat, be suffered to 
fall upon a sheet of paper ; it will break into smaller globules, and 
burst into a bright white flame. 
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3. Tin, though one of the metals that were earliest 
known, occurs in but few countries, principally in the 
mountains of Saxony and Bohemia, the peninsula of 
Malacca, the island of fianca, and more especially in Corn- 
wall. It was obtained from the latter source by the Phoe- 
nicians at a very early period, and the south-west parts of 
Britain were termed by the ancients the Cassiterides, or 
tin-islands. 

4. The principal ore of tin is the peroxide, SnOj ; this 
is often found associated with copper and zinc ores, in 
granite or slate rocks, and is known by the name tinstone : 
sometimes it is found in the form of grains, or rounded 
masses, in alluvial soil, or in the beds of small rivers, in 
which case it is called stream-tin. The former, when re- 
duced to the metallic state, yields block' or bar-tin; the latter 
yields grain- tin, which is the purer of the two. 

5. The ores are reduced to the metalUc state by two 
different methods. In the first and most common process, 
the roasted ore, mixed with charcoal or culm (coal-dust) 
and a little lime, is carefully heated to redness in a rever- 
beratory furnace so as to fuse the tin, which is let off from 
time to time into an iron vessel, whence it is ladled into 
moulds so as to form large blocks. 

In the second method, which is only used for the finest 
ores or stream-tin, the ore is fused with charcoal in small 
blast furnaces, and run off as before. 

6. The tin thus obtained has to be refined ; this is 
effected by remelting it in an iron vessel, and continually 
agitating the mfuss, either by raising some of it in a ladle, 
and letting it fall from a considerable height, or by 
plunging billets of green wood into it. The surface is 
skimmed from time to time to remove the impurities which 
collect upon it ; the metal is then left at rest awhile, in 
order that any heavier impurities may settle, after which 
the upper portion of the tin is ladled into granite, or 
cast-iron moulds, while the lower portion is remelted with 
another charge of ore. 
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^Hie tin tl»8 preptred u termed bhei'tin, and till recently was 
required to be marked or coined with the stamp of the Duchy of 
Cornwall ; for a duty is paid to the officers of the Prince of Wales, 
aa Duke of Cornwall, on all tin raised in that county. 

7. Peroxide of Tin, Sn03=74.— This is readily pro- 
cured by placing metallic tin in slightly diluted nitric acid. 
Violent action taJces place, the acid is decomposed, yielding 
a portion of ' its oxygen to the tin, and passing off as 
nitrous oxide, which produces the usual red fumes in con- 
tact wiih^the air. 

3Sn + 2NOfi=.3SnOjH- 2NO3. 

In general (as shewn in Chap, VIII. § 14) a metal when 
oxidized by the decomposition of nitric acid, unites with 
another portion of the acid to form a nitrate ; not so with 
tin, for each equivalent of this metal takes two equivalents 
of oxygen from the acid, and forms a white powder, which 
is a hydrated peroxide, insoluble in acids. If, however, an 
alkali be added to a solution of perchloride of tin, a white, 
hydrated peroxide is precipitated, which, though of pre- 
cisely the same composition as the former, is freely soluble 
in acids. Both hydrates, when moistened, act as acids in 
reddening litmus paper. 

8. When exposed to a red heat, the hydrated peroxide of 
tin prepared by either method becomes anhydrous, and is 
of a straw colour : in this state it is employed by jewellers 
for polishing, under the name of putty-powder. When 
melted with glass it renders it white and opaque; as in the 
ehamel used for the faces of clocks and watches. The an- 
hydrous peroxide is quite insoluble in acids, and itself 
acts as an acid by forming soluble compounds with the 
alkalies, whence it has been termed Stannic Acid. 

Ex» h, — Keep metallic tin in a state of fusion, and take off the 
dross or oxide as it forms upon the surface. TJiis dross ground up 
and washed in water to separate any metallic particles, is the 
peroxide of tin. Throwing occasionally a little nitre into the crucible 
will materially facilitate the formation of peroxide. 
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9. Tin being little affected by air and moiitwre, ia uaed 
for coating tacks, pins, wire, and sheets of iron and copper 
for cooking utensils. 

Saucepans, &c., are made of tinned plate, that is, iron 
coated with, tin ; this is effected hy dipping well-cleaned 
sheet-iron into melted tin. 

Ex, c. — Fill a tinned copper yessel with alternate layers of brass 
pins, and plates of tin. Cover the whole with a saturated solution 
of cream of tartar in hot water, and let it boil for Ave or six 
hours ; when cold, the pins will be found completely coated with 
tin. ' 

Sx. d. — Clean a slip of copper from all impurities, rub it over with 
a solution of chloride of ammonium (sal ammoniac)* Then heat the 
slip, and immediately rub it over with tallow^-now heat it again, and 
once more rub it over with a piece of tin. This metal will immediately 
combine with the surface, giving it a silvery coat. The object of the 
tallow is to prevent oxidation, so that the surface of each metal may 
continue bright and clean, and not be affected by contact with the 
uir, which would rapidly be the case, at the temperature to which it 
is raised without this precaution. 

Ex. «.*— Add a few drops of diluted protochloride of tin to a solution 
of the perchloride of gold — a purple powder will be thrown down. 
This powder is used in enamel painting, and for tinging glass of a 
fine red color ; it is a compound of peroxide of tin and oxide of gold, 
and is termed purple of Casaius, 

10. Copper and tin form the well-known and highly 
useful alloys, bell-metal and bronze. 

An amalgam of tin and mercury is used for the backs of 
looking-glasses. 

Common pewter is a mixture of tin and lead. Britannia 
metal, and the best pewter, are tin hardened by a little anti- 
mouy. 

1 1 . Arsenic is a brilliant, brittle, steel-grey metal, some- 
times found native, but generally in combination with sulphur 
or oxygen, and associated with iron, nickel, cobalt, lead or 
silver ores. Froifi these it is separated by heat in a reverbe- 
ratory furnace. The arsenic combines with oxygen, and is 
carried off in fumes of Arsenious acid, AsOg, which are con- 
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demed in suitable ehambers or fiueB. On beating tbis 
arsenioua acid witb cbarcoal, it parts witb its oxygen to tbe 
carbon, and tbe arsenic is reduced to tbe metallic form. 

12. Arsenic, wben raised to about 360®, goes off in 
vapor witbout fusing j tbis vapor bas tbe odor of garlic, 
and if air be excluded, it readily condenses again in small 
metallic crystals. It can be fused by beating it in a 
closed tube under tbe pressure of its own vapor When 
beated in tbe air it easily takes fire, burning witb a blue 
flame, and producing poisonous fumes of wbite oxide. 

13. ArsenioUB acid, A803=99. — Tbis substance, wbicb 
is tbe common wbite arsenic of commerce, is a well-known 
and most deadly poison. It may be obtained eitber by 
tbe actual combustion of tbe metal, or by sublimation from 
tbe various metallic ores wbicb contain it, as already 
stated. 

14. Arsenious acid is a libasic acid, and occurs as a beavy 
wbite powder, of a sweetish taste, somewhat soluble in water; 
tbe solution slightly reddens litmus paper. Though sweet, 
it is termed an acid, from its property of neutralizing alka- 
lies and combining witb bases, forming compounds termed 
arsenites. Notwithstanding its highly dangerous properties, 
arsenious acid is' much used in dyeing and glass-making, and 
for agricultural purposes. It prevents the decay of orga- 
nized substances, hence it is used to preserve timber from 
dry-rot, and to prepare the skins of animals and birds 
before tbey are stuffed. 

15. Tbe best antidote to arsenious acid is iron-rust 
(bydrated sesquioxide of iron, FesOg-f 3H0), which forms 
with it a perfectly insoluble compound, that has no poison- 
ous influence. In cases of poisoning by arsenic, — milk, 
wbite of eggs, sugar, or soap suds, should be swallowed 
immediately, and medical assistance procured as speedily 
as possible. 

16. Arsenie Add, AsO,= l 15. — This is a trihusic acid, 
found in nature associated with various metallic ozidea. 
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It may be formed artificially by oxidizing arBenious acid 
by means of a heated mixture of nitric and hydrochloric 
acids^ and evaporating the solution to dryness. A white 
anhydrous powder is obtained, slowly soluble in water, 
giving a highly acid solution. 

17. Arsenic very much resembles phosphorus in the 
characters of its compounds. Both elements unite with 
oxygen, forming similar acids ; these again unite with 
other bodies, producing compounds perfectly resembling 
each other in external appearance and crystalline form."*" 

18. Arsenic also unites with three eq^iivalents of hy- 
drogen to form Arseniuretted Hydrogen, AsH,, a highly 
poisonous gas analogous to phosphuretted hydrogen, PH3, 
already described. 

19. There are two eompounds of sulphur and arsenic 
found in nature, and capable of being prepared artificially, 
viz. — 

(1.) Bisnlphnret of Arsenic, Realgar, AsSj, which is 
obtained by fusing arsenic or arsenious acid with a small 
proportion of sulphur, and is used in dyeing, and for pro- 
ducing white fire in fireworks. 

(2.) Tersulphuret of Arsenic, Orpiment, AsSs, made by 
fusing arsenious acid with excess of sulphur, and some- 
times used as a beautiful yellow pigment, termed King's 
yellow. 

Ex, f. — Place a very small quantity of white arsenic at the bottom 
of a dry test tube, and heat it slowly over a lamp. Vapors of arse- 
nious acid will arise and* condense in brilliant oetohedral crystals, the 
regular triangular faces of which may be obseF?ed with a magnifying 
glass. 

Ex. g. — ^Take a glass tube having a bulb at the end, or draw out a 
test tube in the flame of a lamp so that the lower part may serve as a 
bulb. Place in the bulb a few particles of white arsenic mixed with 
some cyanide of potassium, or with a little charcoal and dried carbonate 
of soda ; on heating the mixture, the arsenious acid will part with its 

* Bodies thus elosely resembling each other ar& termed ttomor- 
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oxygen to the cyanide, or the charcoal, and metallic arsenic will con- 
dense in a brilliant ring on the narrow part of the tube above the bulb. 

JEx* h, — ^The adjoining diagram represents Dr. Marsh's apparatus 
for testing the presence of arsenic. A few pieces of 
pure zinc are placed in the bulb below the stop-cock, 
and the solution supposed to contain arsenic (pre- 
Tionsly mixed with /mr« sulphuric acid) is poured in at 
the mouth of the apparatus. Hydrogen gas is formed 
(Chap. y. § 11), which combines with the arsenic, 
forming arseniuretted hydrogen, AsHa. 




Fig. 71. 



A803+6H=3HO-f AsH,. 

The gas accumulating in the shorter limb, forces 
the liquid past the zinc into the longer tube, and the 
action ceases, When the stopcock is openedv the gas 
is forced out by the pressure, and if ignited bums with 
a white flame, producing fumes of arsenious acid ; but 
if a cold body, such as a piece of glass, earthenware, or porcelain, be 
held over the jet of burning gas, thin films of metallic arsenic will be 
deposited in the form of brilliant rings. 

JEx. t. — Dissolve some arsenious acid, by boiling it with a few drops of 
hydrochloric acid,and pass through 
the solution a little sulphuretted 
hydrogen. The sulphur of the gas 
combines with the metal of the 
arsenious acid, forming a bright 
yellow precipitate of orpiment 
(King's yellow)^ As S3, while the 
hydrogen combines with the li- 
* berated oxygen to form water. 

A80s+3HS=A8Sg+3HO. 

The yellow precipitate is soluble Fig. 72. 

in ammonia, and may be reprecipitated by acids. 

-Ear. k. — Drop a solution of nitrate of silver into a solution of arse- 
nious acid in distilled water. No precipitate is thrown down, nitric 
acid having a stronger affinity for oxide of silver than arsenious acid 
has. If a little potass or ammonia be now added, it combines with the 
nitric acid, and forms nitrate of potass, or ammonia, which remains in 
solution ; while the bibasic arsenious acid combining with the oxide 
of silver, forms a yellow-colored precipitate — the arsenite of silver, 
2AGO,As03, thus :— 

2(AgO,N05)+A803+2KO=2(KO,N05)+2AgO,A808. 
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Ex. I. — Use sulphate of copper instead of nitrate of eiWer -io tke 
preceding experiment, and the result will be a green precipitate of 
arsenite of copper, (Scheele^a green,) 2CuO,As03y thus ; — 

2(CuO,NO»)+AsO,+2NH8=2(NH3, N05)+2CuO,A80a. 

E*. m. — Mix together six parts of saltpetre, two of sulphur, and oee 
of realgar or orpiment. Touch the mixture with a red«^hot wire, it 
will burn with a Yivid white light {Bengal light). 

Ex. n. — Throw a few grains of powdered metallic arsenic into a 
red-hot crucible, it will burst into a bright flame. 

All experiments in which vapors of arsenic arise should be performed 
out of doors, or on the hob by the side of the fire, so that the draught 
of air up the chimney may carry them away. 

20. Antif^ony is a brilliant metal, of a bluish- white color, 
extremely brittle, and possessing a crystalline structure. 
It is nearly seven times heavier than water (6.7). 

21. Antimony fuses at 800°, and may be slowly volati- 
lized at a white heat, out of contact with the air. 

It remains unacted upon by the air at ordinary tempe- 
ratures, but is rapidly oxidized when exposed to it in a 
state of fusion. 

Es, 0. — Perform Ex, e. Chap, xxiii. with antimony instead of rinc, 
the combustion will be very vivid, and a white smoke of oxide of 
antimony, SbOa, will be given off. 

Ex. p. — Reduce some antimony to powder, 
^ and heat it to about 80°, then pour it into a 
jar of chlorine. The metal will ignite spon- 
taneously, burning with a white flame, and giving 
rise to chloride of antimony, SbCb. 

22. Native antimony is found in 
France, Germany, and Sweden, but the 
metal is chiefly obtained from the snl- 
phuret, SbSs, which occurs in the moan- 
Fig. 78. tsiins of Auvergne, in the Hartz moun- 
tains, at Schemnitz in Hungary, and in the south-west of 
Cornwall. 

23. Metallic antimony may be obtained from the sid- 
phuret, by simple fusion with iron, in earthen cmoiUes. 
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The iron, having a greater affinity for sulphur than anti- 
mony has, unites with it, farming sulphuret of iron, which 
floats as a shig, while the heavier antimony settles to the 
bottom of the crucible. 

«24. Oxide of Antimony, Sb03=153, has been abready 
referred to as the product formed by fusing metallic anti- 
mony in a current of air. An impure oxide, formerly 
called gloM of antimony, is obtained by roasting the sul- 
phuret in a reverberatory furnace, till all the sulphur is 
expelled. 

25. When oxide of antimony is boiled with a solution of 
tartrate of potass (cream of tartar), a compound of tar- 
taric acid,* potass, and antimony is formed, which readily 
crystallizes on evaporation. 

This compound is known in medicine as tartar emetic, 
and is a tartrate of potass and antimony, KO,SbOs,GaH40io 
+ 2H0.^ 

26. If oxide of antimony be heated in a crucible, open 
to the air, it combines with more oxygen, forming a greyish- 
white, infusible powder, insoluble in water or acids, but 
capable of uniting with alkalies and other bases. This 
powder is Antimonions acid, Sb04=161. 

27* When metallic antimony is added to hot nitric acid, 
the acid is decomposed, as in the case of tin, § 7, and an 
insoluble, pale yellow powder is formed, which u the 
highest oxide of antimony, and is termed Antimonio acid, 
Sb06=169. 

28. Snlphuret of Antimony, SbS3=l 77.— This com- 
pound, which is often found native, is a brittle, crystalline 
substance of a leaden- grey color, and very fusible. « When 
artificially prepared, (as it may be, by adding sulphuretted 
hydrogen or sulphuret of ammonium to a solution of tartar- 
. emetic or other soluble compound of antimony,) it is pre- 
cipitated of an orange-yelUm colour, but darkens on drying, 

* The formula for tartaric acid or T, la C4 Ha Qio. 
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and when heated asgnmes the color and appearance of the 
natiye sulphuret. 

Antimony, like arsenic, forma a gaseous compound vith 
hydrogen. 

29. Besides its use in medicine, antimony is employed 
in the composition of several ilseful alloys, such as, — 
Queen's metal, 9 tin, I antimony, 1 hismuth, 1 lead. 
Metal for printers' types, 20 lead, 4 antimony. 
„ music plates, 2 lead, 1 antimony. 
„ stereotype plates, 9 lead, 2 antimony, 1 bismuth. 

The latter alloy expands in cooling, the mould is therefore entirely 
filled when the metal is cold, and no blemish is found in the letters. 

The antimony also gives a hardness t« the lead, without whiich the 
type would speedily be worn out under the pressure of the printing 
press. 

Ex. p. — Perform JEx. I., using sulphuret of antimony instead of 
sulphuret of arsenic ; a similar white light will be the result. This 
is the mixture employed in making the blue-lights used at sea. 

Ex. q. — Repeat Ex, A., using tartar^emetic instead of arsenic ; black 
rings of metallic antimony will be dep6sited, but they will be darker 
than those of arsenic. They may also be distinguished from them by 
dropping on each a solution of *' chloride of lime/' (hypochlorite of 
lime) : if arsenic, the rings will disappear ; if antimony, they will remain 
unchanged. 

EXERCISES ON CHAPTER XXIV. 

1. State the properties of tin. 

2. How is tin affected by heat, air, and moisture ? 

3. From what countries is tin obtained ? 

4. In what forms is tin generally found ? 

5. How is tin reduced from its ores ? 

6. How is tin refined ? 

7. How is peroxide of tin procured ? 

8. What are the properties and uses of peroxide of tin ? 

9. For what purposes is tin employed ? 

10. Which are the principal alloys of tin ? 

11. What is arsenic and whence is it obtained ? 

12. How is arsenic affected by heat ? 

13. What is common arsenic, and how is it prepared ? 

14. What is arsenious acid, and for what is it employed? 
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15. What is the hest antidote in cases of poisoning by arsenie ? 

16. Describe arsenic add. 

17. How is arsenic shewn to be isomorphous with phosphorus } 

18. What is arseniuretted hydrogen ? 

19. Describe the chief sulphurets of arsenic. 

20. What are the physical characteristics of antimony ? 

21. How is antimony affected by heat and air ? 

22. Whence is antimony obtained ? 

23. How may metallic antimony be procured ^ 

24. How is oxide of antimony prepared } 

25. What is tartar^-emetic ? 

26. What is antimonious acid ? 

27. How may antimonic acid be prepared ? 

28. Desoribe the sulphuret of antimony. 

29. State some of the uses of antimony. 

t 



CHAPTER XXV. 

METALS WHOSE OXIDES ARE REDUCIBLE BY HEAT 
ALONE. 

MEECITET, SILVEE, GOLD, PLATHSTTTM, ETC. 

Mercury, Symbol Hg. Combining! equivalent 100. 

Silver, „ Ag. „ „ 108. 

Gold, „ Au. „ „ 99. 

Platimim, „ Pt. „ „ 99. 

1. Mercury or Quicksilver, (Latin, Hydrwrgyrum^ whence 
the symbol Hg.) is sometimes found in the metallic state, 
di£fu8ed in small globules through the rocks which contain 
its ores, or accumulated in cracks and crevices. It is, how- 
ever, chiefly obtained from the sulphuret, (cinncihari ver- 
milkn,) HgS, by distillation with lime or iron filings in 
iron retorts. 

2. The principal mines from which mercury is extracted 
are at Almaden in Spain, Idria in Austria, in the German 
states on the 'Rhine, (formerly known as the Palatinate), 
and in Peru. 
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It is also found somewhat abundantly in Boliemia, 
Hungary, Sweden, China, Japan, Mexico, and Chili. 

3. Mercury has a silvery- white color, and a brilliant* 
lustre ; it is distinguished from all other metals by being 
liquid at ordinary temperatures. When cooled to — 39° F., 
(or 71 degrees below the freezing point of water,) it solidifies, 
and is then soft, malleable, and ductile. At a still lower 
temperature, however, it becomes brittle. It is about 131- 
times as heavy as water, (sp. grav. 13.56]|. 

4. Mercury emits vapors at all temperatures above its 
freezing point ( — 39° F.), but they are scarcely perceptible 
till the heat rises to dS"" or 70".^ At 660° mercury boils, 
giving off a transparent, colorless vapor, which readily 
Condenses on cooling. 

Ex. a. — Pound some vermilion, HS, mix with it an equal weight 
of charcoal powder ; place this mixed powder in an earthenware retort, 
and submit it to a red heat. The metal will sublime, and run down 
the neck of the retort into any vessel placed to receive it. 

5. Pure mercury is quite unaltered in the air, at common 
temperatures j but when heated to near its boiling point, and 
exposed to the action of air, it absorbs oxygen, and be- 
comes changed into a dark red, crystalUne powder, which 
is the red or per-oxide of mercury. 

^* Nitric acid dissolves mercury, yet not so readily as it does the metals 
tin, lead, and zinc, with which mercury is often contaminated, either 
naturally, accidentally, or for the purpose of adulteration. To re- 
move these, the impure mercury may be placed in a phial along with 
a smaU quantity of nitric acid, and shaken up ; this acid will imme- 
diately attack the solid metals. When they are dissolved, the solution 
may be poured off, and the mercury washed in water to remove any 
adherent acid, it will then be quite pure." — Francis, 

6. Mercury forms two compounds with oxygen, viz. a 
suboxide (or protoxide) and an oxide (or peroxide). 

The combining equivalent of mercury is given differently by diffe- 
rent chemists, some thinking it 100, others 200, hence the precise 
nomenclature and combining equivalents of its compounds are somo- 
what unsettled. 
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7. Suboxide of T/LeroTLry, or grey oxide, ^^^=208.-^ 
This is a dark-grey or nearly black powder, very heavy, 
and insoluble in water, but uniting with acids to form salts. 
It may be obtained by addiag potass, soda, or lime-water 
to a sub-salt of mercury, such as the sub-nitrate (or protO' 
nitrate) HgaOyNO^, or the subchloride (calomel), HgsCl. 
Thus— 

( KO ) ( KO. ) 

HgAN05+ NaO V= NaO, NO.-fHgA 

( CaO j ( CaO, ) 

8. Oxide of Mercury, or red oxide, HgO=108. This 
substance has been already mentioned as a dark-red, crys- 
talline powder, produced by the action of the air on heated 
mercury. It has a yellow tint when finely pulverized, and 
if the temperature be slightly raised, it turns black, becom- 
ing red again on cooling. The red oxide of mercury may 
also be obtained by carefully heating the nitrate, HgO,NOj, 
so as to expel the nitric acid; or by adding potass, soda, 
or lime-water to a solution of the chloride (corrosive auhli' 
mate), HgCl. In the latter case the precipitate is of a 
yellow color, being in a state of minute division. If 
strongly heated, the red oxide of mercury is decomposed 
into oxygen and metallic mercury, which will go over in 
Tbpor, as shewn in Chap. lY. § 4. 

In this way the presence of impurities, as red-lead, brick-dust, &c.) 
may be detected, for they will remain in the retort or flask. 

9. Snlplmret of Mercury, HgS=116. — This substance 
is found native ; it is the most common ore of mercury, and 
known as cinnabar, or vermilion. It may be artificially 
prepared by subliming a mixture of six parts of mercury 
ai^d one of sulphur, and afterwards reducing the mass ob- 
tained to a fine powder. Vermilion is inodprous, tasteless, 
and insoluble. It is unaltered by exposure to the air or 
moisture, but when heated to dull redness, it is resolved 
into vapor of mercury and sulphureous acid gas, SO,. 

Ex. b. — Rab together in a mortar three parts of sulphur and one of 
mercury. The lustre of the one, and the yellow color of the other, 
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will disappear, the whole being converted into a black powder, which 
was formerly called Ethiopt mineral ; and is probably a mixture of 
the sulphuret of mercury with additional sulphur. 

10. Mercury is extensively used in the manafactnre of 
barometers and thermometers, also for " silvering " mir- 
rors. In the latter case an amalgam of tin is employed ; 
an amalgam of silver is sometimes used by dentists for 
filling up hollow teieth. 

Ex. c. — Melt two ounces of bismuth and two ounces of lead in 
separate crucibles, pour them into separate vessels, containing an 
ounce of mercury in each ; when cold, these alloys will be in a solid 
state ; but if they are rubbed against each other, they will instantly 
become liquid. 

Ex, d.—Plice a little gold-leaf in the palm of the hand, and pour 
upon it a globule of mercury. The latter will be seen to absorb, or 
combine with the gold, forming a more or less fluid and yellow amal- 
gam, according to the proportion of the two metals. This amalgam 
is used in water gilding. The affinity of mercury for gold and silver 
is so strong, that persons who are (oolish enough to clean their watch 
cases with mercury, or one of its salts, will find them totally spoiled ; 
the same holds good with respect to plated articles cleaned, by a com- 
position, sold about the streets, made of the nitrate of mercury, ground 
up vrith whitening. Even those who are obliged to take much calo- 
mel, or other medicines containing mercury, should abstain from wear- 
ing any gold articles, or carrying gold money, as the mercury sometimes 
oozes through the pores of the skin, and attaches itself to the gold, 
rendering it so brittle, that it may often, when thus contaminated, be 
broken in two. The best way of restoring money thus spoiled is to 
heat it red-hot in a crucible, or ladle. 

Bx, «.— Add five parts of mercury to two parts of melted zine and 
one of tin, an amalgam will be formed such as is used for the cuduons 
or rubbers of electrical machines. The tin may be omitted. 

11. Silver, {LAim^ Argeutumy whence the symbol Ag,) 
is the whitest of the metals ; it has a very brilliant lustre, 
and will take a very high polish. It is, when pure, soft 
enough to be cut with a knife, being thus softer than cop- 
per, and harder than gold. It is about 10^ times as heavy 
as water; its specific gravity being 10.4 when cast, and 
10.5 to 10.6 when stamped or rolled. 
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12. SilTer is exceedingly malleable and ductile, for it 
may be extended into leaves less tban lotoot h of an inch 
in thickness,and a single grain may be drawn into a wire 400 
feet long. Only three metals, viz. iron, copper, and plati- 
num, surpass it in tenacity, a wire -j^th of an inch in 
diameter being able to support 1871bs. without breaking. 

13. Silver does not rust or oxidize by exposure to the 
air or moisture ; but when the atmosphere contains sulphu- 
reous vapors, or sulphuretted .hydrogen, HS, the metal 
speedily tarnishes, owing to its affinity for sulphur, becom- 
ing first yellow and finally black. 

Eg. e.— See Eg, o. Chap. XIV. 

14. Silver fuses at about 1873^ Fahr., and during the 
state of fusion, absorbs considerable quantities of oxygen 
from the air, which it parts with again on cooling. 

When very strongly heated in a blast furnace, silver rises 
in vapor ; and when a strong electric current is made to 
pass through some leaf-silver or a fine silver wire, the metal 
bums with a greenish flame. 

1 5. Silver, it has been idready stated, does not oxidize 
when heated alone, but if heated with silicious matter, such 
as glass, porcelain, &c., it combines with oxygen, and forms 
an oxide of silver, AgO, ^at immediately unites vrith the 
sihcic acid or silica, SiO,, forming a yellow silicate of silver, 
AgO,SiO,. 

16. teide of Silver, AgO=l 16.— This oxide is employed 
in glass, porcelain, or enamel painting, to produce a rich 
yellow tint ; it is also the base of all the common salts of 
silver. One of the most characteristic features of these 
compounds, is their property of darkening by exposure 
to hght, whence their use in all branches of Photo- 
graphy. 

If caustic potassy K0,HO, be added to a solution of ni- 
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trate of silver, AgO^NOs, a hydrated oxide of silver will be 
precipitated. 

AgO,N05+KO,HO=KO,N05+AgO,HO. 

1 7. Silver is sometimes found in the native state, some- 
times alloyed witk other metals, but chiefly in combination 
with sulphur or chlorine. The principal silver mines are 
to be found at Konigsberg in Norway, among the Hartz 
mountains in Germany, and among the Andes of Mexico 
and Peru. 

18. Metallic silver may be obtained from the sulphuret 
or chloride by the process of amalgamation. The powdered 
sulphuret is mixed with common salt (chloride of sodium), 
and roasted at a low red -heat in order to convert it into 
the chloride. The mixture thus formed, or the native 
chloride, (if that ore be employed,) is then crushed and 
agitated for some time with mercury, water, and scraps of 
iron, by which means the chloride of silver is decomposed ; 
the protochloride of iron formed is dissolved by the water, 
while the mercury combines with the reduced silver, (as 
well as with any gold, copper, or lead, that may be present,) 
to form, an amalgam. This amalgam is then pressed in 
woollen bags 40 remove any uncombined mercury, and 
heated in an iron retort, whereby the mercury is distilled 
off, and an impure silver left behind, which afterwards 
undergoes the process of refining. 

19. Almost all lead ores, but especially galena, a sul- 
phuret of lead, contain a proportion of silver ; and it has 
been found profitable to extract this, even when so low as 
eight ounces in the ton. * 

The argentiferous or silver-bearing lead, reduced from 
the ore as shewn in a former chapter, is melted and then 
allowed to cool slowly ; the lead begins to solidify first, 
and while doing so, is removed, from time to time, with a 
perforated iron ladle or strainer. An alloy containing a large 
proportion of silver remains in the liquid state; thisisallowed 
to cool, and the lead is afterwards separated by cupeUa^on. 
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20. The process of cupellation consists in exposing the 
alloy of silver and lead on a cupel in a furnace to a current 
of heated air, whereby the latter metal is oxidized. The 
cupel is a kind of shallow, porous, crucible made of bone- 
ash, the object of which is not only to support the metal, 
but to absorb the oxide of lead as fast as it is formed. 

21. Pure silver is too soft to be used with advantage, it 
is therefore generally alloyed with copper. The standard 
silver used for the English coinage consists of thirty-seven 
parts pure silver, and three parts copper. 

B*. f.—r'DmoVit a silver coin in nitric acid, the solution will be of 
a greenish color, owing to the presence of nitrate of copper ; place a 
piece of pure copper in the solution the acid will leave the silver and 
dissolve the copper, the former metal being precipitated as a crystal- 
line powder, which, when well washed and dried, may be fused into 
a button of pure silver. 

Ex. g, — Instead of immersing a piece of copper in the above solu- 
tion of nitrate of silver, add a little salt and water so long as a precipi- 
tate is formed. This precipitate is chloride of silver, AgCI, which, if 
washed, dried, and melted with carbonate of soda, will yield chloride 
of sodium and pure silver. 

AgCl+NaO,COi=NaCl4-C03+0+Ag. 

22. Odd {Aurum) is one of the most widely diffused 
of the metals, being found in almost every country, but 
most abundantly in 3outh America, California, Australia, 
the East Indies, Western Africa, Hungary, and the Urahan 
mountains. 

23. Gold is found exclusively in the metallic state, sel- 
dom indeed pure, but alloyed either with silver, copper, or 
some other metal. It is occasionally met with in masses 
or nuggets of several ounces or even pounds in weight ; but 
It occurs more generally in the form of grains, disseminated 
through quartz and other rocks, or in the sands of variolas 
rivers. 

24. These gold-sands (the gold-dust of commerce) are 
derived from the dmntegratum or breaking up of the rocks 
in which the metal was contained. The gold, owing to its 
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high specific gravity (19.2), is readUy separated from the 
sandy or earthy matter hy washing in water ; or it may 
he ohtained hy the process of amalgamation^ as in the case 
of silver. 

26. Gold is the most maUeable and dnctile of the metals, 
and likewise very tenacious. 

It may be extended into leaves less than arwoir^^ ^^ ^^ 
inch in thickness ; — a single grain maybe drawn into a 
wire 500 feet in length ; — -and a wire ^th of an inch in 
diameter can support a weight of 158 lbs. (See Chapter 
XVIII. § 9). 

26. Gold does not tarnish or oxidize when exposed either 
to heat, air, or moistare. It is unacted on by any single 
acid, but is dissolved by chlorine, especially in the nascent 
state, for which purpose a mixture of nitric and hydro- 
chloric acids is used, termed nitro- muriatic, or nitro- 
hydrochlorie acid, or aqua regia. The resulting compound 
is Perchloiide of €k)ld, kujClz. 

Ex. h. — Place some gold-leaf in a glass of water, and pass a current 
of chlorine through the liquid, the metal will be rapidly dissolved, 
forming perchloride of gotd. The same compound may be produced 
by dissolving leaf-gold in nitro-muriatic acid. 

27. Pure gold, being very aoft, as well as very costly, is 
never employed in the arts. It is generally alloyed with 
silver or copper, to give it greater hardness. 'Hie metal 
used for En^h gold coin consists of eleven parts gold, 
and one part alloy. 

28. Platinum derives its name from the Spanish plata^ 
silver, on account of its silvery lustre. It is about half as 
valuable as gold, and is always found in the metallic state, 
occurring in the form of flattened grains of a greyish- white 
color, and associated with palladium, osmium, iridium, 
rhodium, and a little iron. 

29. Platinum i^ chiefly obtained from dliavial ^posits 
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in the Uralian moantains :* it is also found in St. Domingo, 
Borneo, and Ceylon, and in the gold districts of South 
America. It is separated from the sandy and earthy 
matter with which it is associated, hy washing in water, as 
in the case of gold and stream-tin. 

30. Fuse platinum is rery ductile and malleable, «ad one 
of the moi^ tenacious of the metals. It is the heaviest 
substance known, l)eiBg nearly 22 times as heavy as water. 
Its specific gravity varies from 19.5 to 21.9. 

31. Platinum' is unchanged by exposure to air or mois- 
ture. It remains infusible in the strongest heat of a smith's 
forge, and can only be melted by the agency of electricity, 
or by the ozy-hydrogen blowpipe. Like iron, it possesses 
the property of welding^ when heated to whiteness. (Chap. 
XXII. § 14). 

32. Platinum is insoluble in any of the simple acids ; 
hut, like gold, it may be dissolved in aqua reffia, or nitro- 
hydrochloric acid, giving rise to Biohloride of Platinum, 
PtCl,. 

Platinum is speedily oxidized and corroded by the caustic 
alkalies at a red heat ; it likewise forms alloys with most 
of the other metals. 

Ex. L — Place a particle of lead, tin, or antimony on a piece of 
platinum foil, and heat it over a spirit lamp ; when at a red heat, the 
metal used, whichever it may be, will combine with the platinum, 
and form a fusible alloy. This experiment shows that the above 
metals must never be mehed in platinum vessels ; the same holds 
good with the ores and oxides of these metals, and in a less de- 
gree with bismuth, copper, cobalt, and nickel. The following 
cautions are added by Berzeliust — " Platinum vessels must not be sub- 
jected at any time to the action of chlorine, or the compounds which 
evolve chlorine. Nitre and the alkalies must not be fused in them. 
Immediate contact with the fuel, which ought to be charcoal, (if in 
a furnace,) must be avoided as much as possible." 

* The largest specimen yet discovered was found in the Uralian 
mountains, and weighs 21 lbs. troy. 
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33. Platintim may be obtained in two states of veryminute 
division'^; in the one state it is termed ^ongy platinum ; in 
the other, which is still finer, it is called platinum black. 
Each of these substances has the property of condensing 
gases in its pores. The result of this condensation is to 
bring the gaseous bodies in close contact, and cause them 
to combine. In this way oxygen and hydrogen are com- 
pelled to unite, and flame is produced, as in Dohereiner^s 
lamp. 

Ex. A:.— Spongy pUtinura may be made by saturating blotting paper 
with bichloride of platinum and drying it, repeating the process seve- 
ral times, and finally, burning the paper in the flame of a spirit lamp ; 
the ashes left are the spongy platinum. 

Ex.- 1. — To a diluted solution of bichloride of 
platinum add some solutioii of chloride of am- 
monium (sal-ammoniac), a yellow precipitate of 
ammonio- chloride of platinum, PtClj+NH^Ci, 
is produced, which is decomposed by heat, and 
yields a grey mass of spongy platinum ; this 
becomes red hot when 'exposed to a stream of 
hydrogen, and then inflames the gas. {Doberei" 
ner*s lamp,) 

Ex. m. — The peculiar property of this metal 
in continuing red hot, when exposed to certain 
vapors, is shown not merely by spongy plati- 
num, but by platinum in its ordinary metallic 
state. This may be tried as follows :— Make a 
small coil of fine platinum wire, and place it 
^^' ^ loosely round the wick of a spirit lamp, filled 

with alcohol ; set fire to the wick, and when it has burnt two or three 
minutes, blow out the flame, the platinum wire will continue red hot 
until the whole of the spirit be exhausted. It should be covered 
loosely with a glass funnel, so that air may have access to it, yet no 
current be sufficient to rob the platinum of its heat. 

34. Platinum being infusible, cannot be obtained from 
its ore, by furnace operations, in the usual way; it is 
therefore dissolved in aqua regia, and the resulting chloride 
precipitated by sal-ammoniac, as in Ex. l. ; this, when 
heated, yields the metal in a finely divided state. The 
spongy platinum formed is then heated to whitenessi 
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and its particles welded together by strong pressure. On 
being again heated, it can be hammered or rolled into 
plates, drawn into wire, &c. 

35. Platinum, being unacted on either by acids or by 
heat, is employed in the manutacture of crucibles and 
other chemical apparatus. -Large stills made of this metal 
are used in the coucentration of sulphuric acid. (Chap. 
XIY. § 21.) It is also used by gun-Wkers for making 
the touch-holes or nipples oi fire-arms ; and in Russia, it 
has been coined into money. 

EXERCISES^ON CHAPTER XXV. 

\ 

1. In what form is mercury met with in nature ? 

2. Whence is mercury obtained ? 

3. Give the symbol, combining equiyalent, specific gravity» and 
leading properties of mercury. 

I 4. How is mercury affected by change of -temperature ^ 

I 5. How is mercury affected by the air ? 

6. What compounds does mercury form with oxygen, and why is 
I their nomenclature unsettled ? 

j 7. Describe the grey oxide of mercury, and the modes of obtain- 

ing it. 

8. How may the red oxide of mercury be obtained, and what are 

its properties ? 

9. State the nature and properties of vermilion. 
13, For what is mercury used ? 

11. What are the physical characteristics of silver? 

12. Illustrate the malleability, ductility, and tenacity of silver. • 

13. How is silver affected by the atmosphere? 

14. How is silver affected by heat ? 

15. How is silicate of silver formed, and to what purpose is it 

applied ? 

16. For what are oxide of silver and its compounds used ? 

17. Whence is silver obtained? 

18. How may meullic silver be obtained from the sulphuret or 

chloride ? 

19. How may silver be obtained from the lead ores in which it is 

frequently met with ? 

20. What is the process of cupellation 7 

21. What is standard silver ? 

22. Whence is gold obtained ? . 

23. Under what forms is gold found r 
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24. What is the origin of gold-sands, and how may the metal be 

obtained from (hem ? 

25. Illustrate the dnctility, tenacity, and malleability of gold. 

26. How is gold affected by heat, air, moisture, and acids ? How 

may gold be dissolved ? 

27. Why is gold alloyed ? What is sUndard gold ? 

28. Whence does platinum take its name, and how is it found in 

nature i 

29. Whence is platinum obtained } 

30. St^te some of the physical properties of platinum. 

31. How is platinum affected by heat ? 

32. How is platinum dissolved ? « 

33. State the nature and properties of spongy platinum and plati- 

num-black. 

34. How is platinum obtained from its ores ? 

35. For what is platinum employed ? 



CHAPTER XXVI. 

SALTS. 



1. Most of the compounds of the metalloids with oxy- 
gen are acids, called also actd-oxides, or oxygen-acids. 
(Chap. XVIII. § 14). 

2. Most of the compounds of the metals with oxygen 
are bases, called also metallic or basic-oxides. (Chap. 
XVIII. § 15). 

3. Many of the compounds of the metalloids with 
hydrogen are adds, and have been termed hydracids. 
(Chap. VII. § 12). 

4. When oxyym acids and metallic-oxides combine, they 
more or less completely neutralize each other's properties, 
and form a class of coq^pounds termed Salts, or more 
strictly, Oxygen salts. 
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5. Saltpetre or Nitrate of Potass, EO,NOt, is an instance 
of an oxygen salt, for it consists of an oxygen acid, the 
nitric, NO5, and an oxidized base, potass, KO. 

6. When an hydrogm acid is added to a metaUie-omde^ 
mntnal decomposition ensues ; the oxygen of the oxide com- 
bines "with the hydrogen of the acid to form water, while 
the metal unites with the radical of the acid to form another 
class of conipounds also called Salts, bnt differiDg in con- 
stitution from the former,, and usually termed Haloid 
salts. 

7. Common salt or Chloride of Sodium is the principal of 
the haloid salts, and these derive their name from their 
analogy or resemblance to it in composition, (aXg, kals, 
sea-salt, and s/do;,' eidos, form). 

8. Hydrochloric acid, HGl, (a hydrogen-acid), when 
added to soda, NaO, (a metallic-oxide), forms chloride of 
sodium, NaCl, (common salt). 

HCL+NaO=NaCl+HO. 

9. The non-metallic half of a haloid salt is frequently 
termed a salt-radical. 

10. These salt-radicals may be either simple, as chlorine, 
iodine, &c., or compound, as cyanogen, CjN. 

11. The metallic or metal-like half of a haloid salt is 
sometimes called a salt-basyle, or simply a hasyle, 

12. The basyles, like the salt-radicals, may be either 
simple, as the metals, or compound, as ammonium, NH4. 

The compound salt-radicals and basyles belong chiefly to Organic 
chemistry. 

13. Salts may therefore be defined to be compound 
bodies produced by the union either of an oxygen acid 
with a metallic oxide (§ 4), or of a metal with a metalloid 
(§ 6) ' — ^^^ ^^^^ ^^ ^^^ former character being named 
oxygen salts, and those of the latter haloid salts. 
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14. Salts constituted of the same elements^ may have 
those elements so exactly balanced as to neutraliz&each other's 
properties, and thus form neutral salts ; or they may hare 
one or other element in excess, thus giving rise either to 
acid or super-saitB, (acid or salt-radical in excess), — or to 
basic or «u6-salts, (base in excess). 

15. Salts have ' compound names, denoting their com- 
position. Haloid salts are named after both their elements, 
as chloride of zinc, from chlorine and zinc. 

Oxygen salts formed from acids whose names end in ic, 
are known by the ending -ate ; those formed from acids 
ending in -ous have names ending in -ite. 

Thus nitnc acid forms nitra^e«; nitrous acid, nitrtV^^; 
hypochlortc acid, hypochlon'^e^ ; &c. 

16. The following table gives the names and formulae of 
the more important salts :* 





Haloid Salts. 




Salt-radical. 


Salts. . 


Symbols. 


Chlorine 


Chlorides 


MCI. 


Iodine 


Iodides 


ML 


Bromine 


Bromides 


MBr. 


rinorine 


Fluorides 


MF. 


Sulphur 


Sulphurets 


MS. 


Phosphonu 


Phosphnrets 


MP. 


Cyanogen 


Cyanides 
OxYGEK Salts. 


MCy. 


Acids. 


Salts. 


SymboU. 


Sulphnrons 


Sulphites 


M0,SO, 


Sulphnric 


Sulphates 


MO,SO, 



* The letter M represents any metal or bas^ ; and in writing a salt 
symbolically, the symbol of the base comes first. 
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Aetds, 


Salts. 


Symbols. 


Kitric 


Nitrates 


MCNO,. 


Caxbomc 


Carbonates 


]VIO,COa. 


Chloric 


Chlorates 


MCClOj. 


Chromic 


Chromates 


M0,Cr03i 


Boracic 


Borates 


MO.BOa. 


Silicic 


Silicates 


M0,Si03. 


Arsenious 


Arsenites 


2MO,A803. 


Arsenic 


Afseniates 


3MO.ASO5. 


Phosphoric 


Phosphates 


3MO;P05. 



17. Neutral salts generally contain one equivalent of 
base, and one equivalent of acid, or salt-radical. There are, 
however, two exceptions to this rule ; for — 

18. First. There are some acids which seem to have, 
as it were, a double or treble neutralizing power, and re- 
quire two or three equivalents of base to one of acid, in 
order to form neutral salts. 

Such acids are termed bibasic and triSasic, to distinguish 
them front monobasic or ordinary acids. 
See Chap. VII. §§ 16, 17. 

19. Secondly. Some basic-oxides contain more than 
one equivalent of oxygen to one of metal. In order tliat 
such basic oxides should form neutral salts, they must 
have more than one equivalent of acid. In fact, the rule of 
neutrality in oxygefi salts seems to be, that there must be 
as many equivalents of acid in the salt as there are 0/ oxygen 
in the base. 

Thus, Alurairta, or sesqui-oxide of aluTninum, AI2O3, contains three 
equivalents of oxygen; its neutral sulphate therefore must .contain 
three equivalents of acid, AlaOgySSOs. 

20. Super-salts, or those in which the acid or salt-radical 
is in excess, are marked by the Latin prefixes, bi-, ter-, &c., 
as Bicarbonate of Potass, KO,2C02 ; Bichloride of Platinum, 
PtCl, ; Tersulphuret of Antimony, SbSa ; &c. 

O 
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21. The prefixes proto-, per-, kc. before the name of an 
oxygen salt, show that the base is in the state of ^ro^oxide, 
peroxide, &c. 

Thus we have /iroto-sulphate of iron, or sulphate of the . 
jvrotoxide of iron, FeO,SO|; ;9er-sulphate of iron, or sul- 
phate of the iiwoxide, PejO^SOs. 

22. Sub-salts, or those in which the base is in excess, 
are known either by the Latin prefix sub-, or better by the 
Greek prefixes, rft-, tris-, &c. ; thus we have «<5-chloride or 
eft-chloride of mercury, Hg3,Cl ; ^wAcarbonate of copper, 
CusCCW &c. 

23. The prefixes, 6«-, ter-, rfi-, &c., show that there are 
twice as many, three times as many, half as many, &c., 
equivalents of acid or salt-radical as of base. 

Thus bicarbonate of potass, KO,*2C02, contains two equivalents of 
carbonic acid to one of potass. — Sesqui-chloride of chromium, CfsCls, 
three equivalents of chlorine to two of chromium. — Bichloride of 
mercury, HgaCl, one equivalent of chlorine to two of mercury, or half 
as many of the former element as of the latter. 

24. There are also Double Salts, or compounds of salts 
with each other, in which the same acid combines with 
different bases. They are not mere mixtures of the sepa- 
rate salts, at least in most cases, for they often have their 
own peculiar crystalline form, and each particle of the 
crystal contains ail the elements of both salts } thus — 

Common alum is a sulpbate of alumina and potass, 
Al203,SO, -h K0,SO, -h 24HO. 

Rochelle salt is a tartrate of potass and soda, KO,^ -h 
NaO,r. 

Ex. a. — Pour a strong solution of oxalic acid, CsOs, on some copper 
filings, an oxalate of copper, CuO,C203, is formed ; if ammonia be 
added, decomposition ensues, oxalate of ammonia is produced, and oxide 
of copper precipitated. 

OuO,080,-hNH»=NH»,C52q8+CuO. 

Ex, b. — If instead of pure ammonia we add oxalate of ammonia to ox- 
alate of copper, no decomposition takes place, but a double salt called 
oxalate of ammonia and copper is the result, (CuO+NH3),2CsOi. 
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This doable salt formB bhte rhomboidal crystals, while the separate 
ones are, the oxalate of ammonia in the state of Jlat, white, prUmatie 
crystals ; the oxalate of copper in the form of a green powder. 

25. Many of the acid or super- salts might be strictly 
considered doable salts, in which water forms one of the 
hoses: — thas common bisulphate of potass, K0,2SO+H0. 
might be regarded as a double sulphate of potass and 
water, KO,S03-hHO;S03, or (K0-|-H0),2S(>'. 

26. The particles of almost every substance, simple or 
compound, have, when passing from the fluid to the sohd 
state, a tendency to arrange themselves in certain geometrical 
figures, usually bounded by flat surfaces. These figures are 
termed crystals, and the process by which they are formed 
is termed crystallization. 

Thus common salt crystallizes in the form of cubes or dice ; Epsom 
salts, in four-sided prisms; salt-petre, in six-sided prisms; alum in 
octohedra or double pyramids ; &c. 

27. Crystallization takes place during the passage of 
bodies from the fluid to the soUd state. This may be 
effected in several ways. 

First, by simple fusion and slow cooling, as in the case 
of sulphur, the metals, &c. 

See Chap. XIV. Ex, a. ; Chap. XXIII. Ex, h. 
Secondly, by sublimation, as in the case of iodine, ar* 
senic, and antimony^ camphor^ naphthaline, benzoic acid, 
&c. 

See Chap. XVI. Ex. m. ; Chap. XXIV. Ex9. h and ^. 

Thirdly, by solution and subsequent evaporation, as in 
the case of most salts and organic compounds. 

Ex. c. — Make a strong solution of loaf sugar, pour the syrup ttfVis 
made into a vessel of any kind, which place in a slow oven ; the eva- 
poration being rapid, the sugar will be deposited in very small crystals, 
or, in fact, the whole will become loaf sugar again. Place some of the 
same solution in a pan, stretch one or more strings across the vessel 
and set it aside, so that the evaporation may be very slow ; instead of 
the sugar presenting a fine granular surface as before, it will appear 
in large well-formed crystals clinging to the strings. In this state it 
is known as sugar candy. 

O 2 
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28. It is a general rule that every cryBtallizable Mibatance 
has its own crystalline farm. The same body may, how-* 
ever, under different circumstances be found crystallized 
on two different system s»* it ia then termed dimorphous 
(two- formed) ; thus carbon appears in octohedral crystals 
in the diamond, aud in hexagonal or six-sided plates in 
plumbago ; carbonate of lime and sulphur are other ex- 
amples of dimorphous bodies. 

29. When different substances of similar chemical con- 
stitutions crystaUize in similar forms, and can consequently 
replace each other without altering the geometrical figure 
of the crystal, they are termed isomorpkous, (equal or like- 
formed). Crystals of isomorphous bodies, when of the 
same color, cannot be distinguished by the eye ; this is the 
case, for instance^ with the sulphates of zinc and magnesia. 

30. Most crystallized salts contain what is termed water 
of crystallization. This water, which forms part of the crystal, 
not of the salt, may be removed by heat or by exposure* to 
a dry atmosphere, and must be distinguished from the basic 
water essential to the existence of certain salts as noticed, 
§25. 

31. Some crystallized salts nve naturally anhydrous^ that 
is they contain no water of crystallization, as nitrate of 
potass {saltpetre). 

Others become anhydrousr when heated ; — thus gypsum, 
selenite or sulphate of lime is found in transparent crystals, 
unchangeable in the air, but at a red heat crumbling down 
into the white powder known as plaster of Paris. 

32. Some salts part with a portion of their water of 
crystallization when exposed to dry air, and crumble into 
powder, or, as it is termed, effloresce ; as carbonate of soda, 
acetate of lime, sulphate of copper, &c« 

* The primitive forms which crystals assume may be arranged in 
six classes or systems, and in each of these there is a great numher 
of secondary forms, for full details of which the student must refer to 
complete treatises on Mineralogy. 
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33. Other salts, instead of parting with their water of 
crystallization, attract moisture from the air, and become 
more or less liquid or deliquesce, as, for instance, carbonate 
of potass, chloride of calcium, &c. 

EXERCISES ON CHAPTER XXVI. 

1. What are oxygen-acids ? 

2. What are ba^icoxides t 

3. What are hydracids 7 

4. What are oxy«eii salts ? 

5u Illustrate the formation of oxygen salts. 

6. What are haloid salts ? 

f. Whence do haloid salts derive their name } 

8. Illustrate ihe formation of a haloid salt. 

9. What is meant by a talt-radical 7 

10. iGive examples of salt-radicals. 

11. What is meant by the term h(t»yU ? 

12. Give examples of basyles. 

13. How may salts be defined and classified ? 

14. 'How may salts having the same elements be classified ? 

15. Whence do salts derive their names ? What is denoted by the 

endings -ate and -tie f 

16. Give the general names and oompoBitien of the more important 

salts. 

17. What are neutral salts ? 

18. When are acids termed bibasie or tribasic ? 

19. What is the rule of neutrality in oxygen salts P 

20. By what prefixes are super- or acid salts denoted ? 

21. What is meant by the terms /7ro/o-salt and jMr-salt? 

22. By what prefixes are tub- or basic salts known ? 

23. State and illustrate the precise meaning of the prefixes, 6i-, 

ter-^ di; 

24. What are double salts ? 

25. Why may some super' or aciJ-salts be considered as double 

salts ? 

26. What is meant by crystallization ? 

27. Under what circumstances do bodies crystallize? Give ex- 

' amples. 

28. What is meant by dimorphous bodies ? 

29. When are bodies termed ieomofphoua t 

30. What is meant by water of crystallization } 

31. Give examples of anhydrous salts. 

32. What are efflorescent salts ? 

33. When are salts said to be deUpmseent t. | 
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CHAPTER XXVII. 

CA.BBOKATES. 

General formula, MO^COj, 

The Carbonates are formed by the union of carbonic 
acid with a metallic oxide, and are, for the most part, 
insoluble, white, or light-coloured salts. ^Many of them are 
found native, and nearly all may be artificially prepared by 
adding carbonic acid or a solution of an alkaline carbonate 
to a solution of a metallic salt. In the latter case a dbu- 
ble decomposition ensues with interchange of acids and 
bases. 

2. The* affinity of carbonic acid for the majority of 
metallic oxides is so slight, that the addition of almost any 
other acid will afifect its separation ; the decomposition 
being accompanied with effervescence owing to the escape 
of carbonic acid gas, as in the familiar instance of the effer- 
vescing draughts prepared by adding tartaric acid to car- 
bonate of soda. 

3. All the carbonates, excepting those of the alkalies, 
may be decomposed by heat, i The alkaline carbonates are 
soluble, and retain a part, at least, of their acid at the 
highest temperatures. 

4. Carbonate of Potass, K0,C0,+2H0, is prepared 
from the ashes of land plants, (especially of their green 
and tender parts), by stirring them in water so as to dis^ 
solve out all the soluble matter they contain. The lye 
thus obtained is strained, and then evaporated to dryness ; 
the maiss which remains is an impure carbonate of potass, 
i^rey salts). This, when further purified, becomes the 
pearlash of commerce, {white salts) , 
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5. Pure carbonate pf potass may be obtained by heating 
cream of tartar (acid tartrate of potass), KO,HO,C8H40io, 
to redness, whereby the salt is decomposed, giving off 
inflammable gas and leaving behind a mixture of charcoal 
and carbonate of potass ; the latter is dissolved out by 
water, filtered off, evaporated, and crystallized, 

6. Potass being a powerful base is not entirely neutral- 
ized by carbonic acid, so that carbonate of potass possesses 
alkaline properties, tliough to a less extent than the pure 
alkali. 

Carbonate of potass is deliquescent, insoluble in alcohol, 
but completely soluble in its own weight of cold water. 
When its crystals are heated, they lose their water of cryS-' 
taUization, and become anhydrous ; they may be even 
fused without further change. 

7. Bicarbonate of Potass, KO,COa+HO,CO,. is formed 
by passing a stream of carbonic acid through a cold solution 
of the carbonate. It possesses very slight alkaline pro- 
perties, and is much less soluble than the preceding. 

When a solution of it is boiled, or its crystals are heated, 
the salt is decomposed into water, carbonic acid, and the 
simple carbonate. 

8. Carbonate of Soda, NaO,C03+10HO, may be ob* 
tained from the ashes of sea -weeds, and mariae plants, 
Buch as the Salsola soda, by a process similar to that 
described for preparing carbonate of potass. The impure 
salt thus obtained forms the barilla of commerce, which 
is largely imported for soap-making, &c. from the coasts 
of Spain. 

Sometimes the carbonate of soda is found native, having 
been left by evaporation on the shores of certain lakes, 
termed natron lakes, in Africa ; also in Mexico, Hungary, 
&c. In some instances this natron is a sesquicarbonate 
of soda, 2NaO,3C02+4HO.* 

* The sesquicarbonate of soda, like that of potass, is a natural pro- 
duct, and canuot be formed at pleasure. 
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9. By far the greater part of the carbonate of aoda used 
at the present time is prepared from cliloride of sp^ium 
(common salt), by converting it into the sulphate pf soda, 
and then decomposing the latter by carbonate of lime, 
(chalk). 

The chloride of sodium is conyerted into sulphate of soda by heat- 
ing it with sulphuric acid, as shewn in the preparation of hydrochlo- 
ric acid, chap. XVI. § 14. 

This sulphate pt soda is then mixed with chalk and ooal, and 
strongly heated in a reyerberatory furnace, whereby, in the firat place, 
the sulphate of soda becomes reduced to suiphuret of sodium through 
the removal of its oxygen by the coal ; and secondly, the suiphuret of ' 

sodium is decomposed by the carbonate of lime with an interchange | 

of elements, yielding suiphuret of calcium and carbonate of soda. , 

The latter is then dissolved out from the fused mass, dried, redis- 
Bolved, purified and crystallized. 

10. These three successive steps in the manufacture of 
carbonate of soda, may be shewn as follows : 

Ist. The production of sulphate of soda from chloride 
of sodium. 

NaCl+S08,HO=NaO,SOs+HCl. 

2nd. The conversion of sulphate of soda into suiphuret 
of sodium. 

NaO,S08+2C=2C024-NaS. 

3rd. Tl^e double decomposition of suiphuret of sodium 
and carbonate of lime. 

NaS+CaO.C02=CaS+NaO,C03 

11. Carbonate of soda dissolves in about its own weight 
of boiling water, and in twice its weight of cold ; the so- 
lution, like the corresponding solution of carbonate of 
potass, is strongly alkaline, caustic, and detergent.* 

Crystals of carbonate of soda effloresce in dry air, and 
when heated, lose their water of crystallization, and fuse 
without further change. 

12. Bicarbonate of Soda> NaO,CO:,-f-HO,C02, is a 

* Deievgentt cleansing* IcOiai deiergere, to wipe oft 
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cryttalline white powder, possesBing properties analogous 
to those of bicarbonate of potass, and may be procured in 
a similar manner. 

It cannot be dissolved in warm water without partial 
decomposition. 

13. The carbonates of both potass and soda are much 
employed in glass-making, soap-making, washing, bleach- 
ing, and in medicine. 

The carbonate of soda forms a hard soap, that of potass, 
a soft soap, when boiled with fatty matters. 

The carbonate of soda is rather less soluble than car- 
bonate of potass, but is more fusible, it consequently 
makes a better glass. 

14. There appear to be at least three compounds of 
carbonic acid and ammonia. 

1. The neutral Carbonate of Ammonia, NH3HO, CO3, 

a white powder, formed by mixing one volume of 
carbonic acid gas with two volumes of gaseous 
ammonia. 

2. 8esqni-carbonate of Ammonia, or ordinary " smell- 

ing salts," 2NH8HO,3C08.— This substance may 
be readily prepared by mixing coarsely powdered 
sal-ammoniac (chloride of ammonium) with car- 
bonate of lime, and exposing it to heat ; mutual 
decomposition ensues, and sesqui-carbonate of 
ammonia sublimes, leaving a residue of chloride 
of calcium and lime. 

2NH4CI + 3CaO,COj = 2NH,HO,3COa-|- 2CaCl-|-CaO. 

3. Bicarbonate of Ammonia, NHsHO,C03+HO,C02, 

may be formed by passing a current of carbonic 
acid gas through dilute liquid ammonia. It is 
also the result of exposing the carbonate and ses- 
qui-carbonate to the air, whereby part of the 
atnmonia is dissipated. 
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The symbols in the preceding paragraphs refer to the car- 
bonates of ammonia as salts of the hydrated alkali, NH3HO; 
they may, however, be expressed as salts of the oxide of 
(the supposed metal) ammonium, NH4, and will then ap- 
pear in the following form : 

Carbonate of Ammonia NH40,C0j 

Sesquicarbonate „ 2NH40,3C03 

Bicarbonate „ NHACOj+HO,CCj 

** A strong solution of sesquicarbonate of ammonia, made with 
tepid water, and filtered, warm, into a close vessel, will 
after a few days deposit crystals of the bicarbonate per. 
manent in the air, and strongly resembling crystals of bL« 
carbonate of potass." — Fownea. 

When organic substances containing nitrogen, as, flesh, animal 
excretions, &c., decay or putrefy, carbonic acid gas and 
gaseous ammonia, are set free ; these uniting, escape into 
the air, as carbonate of ammonia, the powerful odor of 
which may be readily perceived near stable yards, manure 
heaps, &c. 

15. Carbonate of Baryta, BaO,C03, is a natural product, 
called Witherile, by mineralogists. It is highly poisonous, 
has no action on vegetable colors, and is but slightly 
soluble in water. 

Salts of Baryta are poisonous, those of Strontia are not. 

16. Carbonate of hme, CaO,Cos, is distributed all over 
the globe, in the form of limestone, marble, chalk, coral- 
reefs, shells, &c. 

It has been stated, that all the deposits of chalk and limestone, 
although they are so extensive as often to form mountain ranges, are 
of animal origin, and have been formed by accumulations of corals, 
shells, and skeletons of minute animals which formerly existed, but 
have become consolidated by pressure, and other causes, during the 
course of ages. 

The formation of coral reefs, which are masses of carbonate of lime 
buHt up by myriads of coral^polyps, is an existing illustration of 
similar deposits. 

17. Carbonate of lime not tinfrequently occurs crys- 
tallized, as in Iceland, or calcareous spar, and in another 
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mineral termed arragonite. These two minerals, though 
alike in composition, have very different crystalline forms, 
as well as different specific gravities, and optical pro* 
perties. They are, in fact, iUustrations of the dimorphous 
character of carbonate of lime (See Chap, xxv., § 28.) 

18. Carbonate of lime is nearly iusoluble in pure water, 
but is readily dissolved by water containing carbonic acid. 
Water so impregnated is termed hard water (page 40), and 
deposits carbonate of lime when heated, owing to the escape 
of carbonic acid. 

When the hardness of water arises from the presence of carbonate 
of lime, it may be removed by the addition of potass » soda, or lime 
water, whereby the excess of carbonic acid is neutralized, and car- 
bonate of lime deposited. This is one use of potass, or soda, in 
washing. 

19. The deposition of carbonate of lime, from its solu- 
tion in carbonated water, by evaporation, is the cause of 
the encrustations, found in tea-kettles and steam-boilers, 
especially in chalk and limestone districts ; and also of 
the masses of mineral matter, often found in limestone 
caverns, termed, stalactites and stalagmites: the former, 
hanging like icicles from the roof, the latter, rising in various 
shapes from the floor, * 

Ea, a. — ^Pass a current of car- 
bonic acid through water which 
has been rendered milky by a 
little powdered chalk, the liquid 
will gradually become clear; if 
heated over a lamp, chalk will be 




again deposited. 

20. Carbonate of Mag- 
nesia, MgOjCOj, is not 
easily prepared artificially; 
it occurs native in crystals ^^^' ^** 

somewhat resembling Iceland spar, but much more abun- 
dantly in combination with carbonate of lime, forming 
magnesian limestone : MgO,C03+CaO,C02. 
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21. The earboimie of magnesiR, or magnma. alba of 
the druggist, is 'uot a neutral carbonate, but a compouud 
of hydrate and carbonate, consisting of 5MgO,+-4G03+6HO. 
It is prepared by adding a hot solution of carbonate of 
potass or soda to a hot solution of any soluble salt of 
magnesia, boiling the mixture for a few minutes, and then ' 
well washing and drying the precipitate formed. 

22. Caxbonate of Iron, FeO,COo, occurs in nature as 
spathose iron ore, and as play ir(m stoue, the most abun- 
dant and important of the ores of iron. It is also often 
found in mineral waters, being held in solution by the 
excess of carbonic acid they contain ; such waters are 
termed chalybeate, and may be known by the rusty color 
they impart to the stones, &c., over which they flow, and 
by their disagreeable, inky taste, 

23. Carbonate of Copper, CuO,C03 ; a neutral <?ar- 
bonate of copper is unknown. When a hot solution 
of a salt of copper, (the sulphate, for instance,) is added 
to a hot solution of carbonate of potass or soda, a bulky 
green precipitate is thrown down, which is a Hydxated 
Decarbonate of Copper, 2CuO,COs +H0, used bypaintera 
under tlie name of green verditer, or mineral green. The 
beautiful mineral called malachite, which is found chiefly 
among the Uralian mountains, is a native di-carbonate of 
copper. 

24. If cold solutions be used instead of hot, the result- 
ing precipitate will be. of a blue color; it is a Hydxated 
Sesqm-carbonateof Cppper, 3CuO,2C03+HO, known as 
blue verditer, and found beautifully crystallized in France, 
Saxony, Bohemia^ &c. 

25. Carbonate of Lead, PbO.COa, is a soft, white 
powder, insoluble in water i and called by various names, 
such as ceruse, flake white, white lead, &c. When ground 
with linseed, or some other oil, it is used as a white paint,, 
or as the tasis with whicK other paints are mixed in ordeQ- 
to render them opaque, or, as it is termed^ give them body. 
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If ptare water be allowed to stand in leaden vessels, exposed to the 
air, it will, in a short trme, contain particles of carbonate of lead* as 
stated in Chap, xxiiii., § 21. 

26. White lead may be prepared by vairious processes ; 
ODe of these (the Austrian method), is by passing a cur- 
rent of carbonic acid gas through a solution of tris-acetate 
or subacetate of lead, 3PbO,C4H303, formed by boiling 
finely powdered litharge (protoxide of lead) in a solution 
of the acetate of lead, or in distilled vinegar (acetic acid, 
C4H3O3). The subacetate of lead is decomposed by the 
carbonic acid, and carbonate of lead precipitated. 

27. The oldest (the Dutch) process, and the one still 
mostly preferred, is by exposing thin plates of pure cast 
lead to the action of the vapor of vinegar, in earthen 
vessels, placed on a hot bed formed of manure or tanners' 
spent bark. 

The vapor of vinegar or acetic acid appears in the latter 
process to act, chiefly, as a carrier between the carbonic 
acid, arising from the decomposition of the bark, &c., and 
the oxide of lead, formed under the influence of the acid 
vapor. Successive portions of the metal become converted 
into subacetate of lead, 3PbO,C4H303 ; this subacetate is 
immediately decomposed by the carbonic acid, and car- 
bonate of lead is formed. The process gradually proceeds 
from the exterior^ till the whole thickness of the metallic 
lead is changed into a carbonate. 

Ex, b. — Fill a series of test glasses with the following solutions, 
and add to each a few drops of a solution of carbonate of potass, or 
sods. 

Solutions. Precipitates. 

Nitrate of Baryta gives Carbonate of Baryta white. 

„ Strontia „ 
„ Lime „ 



Strontia 
Chloride of Calcium 
Sulphate of Iron 
Chloride of Nickel 
„ „ Cobalt 
Acetate of Lead 
Sulphate of Copper 



Iron ' „ 
Nickel green. 
Cobalt pink. 
Lead white. 
Copper blue. 
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EX£RCISES OK CHAPTER XXVII. 

1. What are the carbonates, and how may they be prepared P 

2. State how the carbonic acid may be separated from a carbonate, 

and give illustrations. 

3. How are the carbonates affected by heat and moisture ? 

4. How is ordinary carbonate of potass obtained ? 

5. How may carbonate of potass be obtained pure ? 

6. What are the properties of carbonate of potass ? 

7. How is bicarbonate of potass procured, and in what does it 

differ from the carbonate ? 

8. Whence may carbonate of soda be obtained 

9. How is carbonate of soda manufactured on a large scale ? 

10. Explain the successive steps jn the usual process of manufactur- 

ing carbonate of soda. 

11. State the properties of carbonate of soda. 

12. How is the bicarbonate of soda obtained, and what are its pro- 

perties ? 

13. For what are the carbonates of potass and soda used? 

14. Describe the carbonates of ammonia. 

15. What are the properties of carbonate of baryta ? 

16. Where is carbonate of lime found ? 

17. Illustrate the dimorphous character of carbonate of lime. 

18. What is Aari^ water? 

19. Explain the origin of stalaetUett &c. 

20. Where is carbonate of magnesia found ? 

21. What is magnesia alba ? 

22. Where is carbonate of iron found ? 

23. What is green verditer, and how may it be prepared ? What is 

malachite^ and where is it chiefly found } 

24. What is blue verditer t 

25. What is carbonate of lead, and for what is it used r 

26. How is white lead prepared by the Austrian process ? 

27. Explain the common process for obtaining white lead^ 
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CHAPTER, XXVIIL 

STJLPHATSB, 

General formula, MO, SO,. 

1. The Sulphates form an important class of salts. 
They are produced, either by the direct combination of 
sulphuric acid with a metallic oxide, — by the addition of 
sulphuric acid to a metallic carbonate, whereby the car- 
bonic acid is displaced,— or by the action of sulphuric 
acid on a metal. 

In the latter case the metal is oxidized, either at the 
expense of the water with which the acid is diluted, while 
hydrogen gas is evolved, see Chap, v. § 13, 14, or at the 
expense of a portion of the acid, which, if concentrated, 
is decomposed, and sulphurous acid gas given off. See 
Chap. xiv. § 12. 

2. The sulphates are sometimes formed in nature, 
through the oxidizing influence of the air on metalUc sul- 
phurets, whereby the metal is converted into an oxide and 
the sulphur into sulphuric acid, and these uniting to- 
gether form the sulphate. 

MSi-40=M0 + S0,. 

3. The sulphates are for the most part soluble in water, ^ 
and the solutions give a white precipitate with chloride of 
barium, BaCl, or any other soluble barytic salt ; this pre- 
cipitate (sulphate of baryta, 6a0,S08) is insoluble, either 
in acids or alkalies. 

* There are, so far as at present known, but six insoluble sul- 
phates, viz., sulphate of baryta, bismuth, tin, lead, antimony, and 
mercury ; and six tparingly soluble ones, viz., sulphate of strontia, 
lime, silver, zirconium, yttrium, and cerium. 
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Chloride of barium is thus a test for the presence of 
sulphuric acid. 

BaCl+MO,S03=MCl+Bap,S03. 

4. An insoluble sulphate may be detected by being 
fused with three times its weight of carbonate of potass or 
soda. Double decomposition ensues, a metallic carbonate 
and an alkaline sulphate being formed. The nature of the 
metal may be ascertained from the former, and the amount 
of sulphuric acid fTOm the latter. 

MO,S03+KO,CO^m6,C02 + K0,S03. 

5. All the sulphates, except those of potass, soda, lithia, 
baryta, strontia, and lime, are decomposed by a white 
heat, yielding sulphuric acid, sulphurous acid, and oxygen, 
and leaving a metallic oxide. 

2(MO,S03) = SO3 + SO, + + 2M0. 

6. All the sulphates are decomposed when mixed with 
charcoal and heated to redness, being for the most part 
converted into sulphurets, while carbonic acid and car- 
bonic oxide are given oif. 

MO,SOi+3C=MS+C02+2CO. 

7. Suljihate of Potass, K0,S03, and Bisniphate of 
Potass, KO,S03,+HO,S03 are artificial salts. The latter, 
formerly termed sal-enixum, is formed during the process of 
preparing nitric acid frojn nitrate of potass by the action 
of sulphuric acid, as shewn. Chap. viii. § 21. It is used 
in calico-printing, and for cleaning brass and other metal- 
lic work previous to lacquering or 'fioishing, also for 
cleaning coins. When heated it is decomposed into sul- 
phuric acid and the neutral sulphate. 

The sulphate of potass may be obtained by adding potass 
or carbonate of potass to a solution of the bisalphatej 
it is sometimes used in niedicine. 

8. Sulphate of Soda, or Glauber's Salis, NaO,SO , may 
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be prepared by adding sulphuric acid to coflimon salt, and 
is formed in large quantities in the processes for obtaining 
chlorine and hydrochloric acid, described in CJiap, xvi. 
§} 9, 14, and in the manufacture of carbonate of soda, 
chap, xxvii. § 9. 

NaCl+2(HO.S03)+MnOa=MnO,S03+Cl+2HO+NaO,SO, 
NaCl H- HO,SOa=HClNaO + .SO,. 

It is termed Glauber's salt from a chemist named Glauber, who 
first introduced it as a medicine; it is now chiefly used for horses and 
cattle. 

Ex. a. — Put half an ounce of sulphate of soda with the same quan- 
tity of nitrate of ammonia, into a mortar, and let t^em be smartly 
rubbed together ; they will each part with their water of crystalliza- 
tion, and this water will render them both quite fluid. 

9. Snlphate of Baryta, BaO,S04, is an abundant na- 
tural product, known as heavy spar. Its artificial produc- 
tion has been noticed in § 3. It forms a valuable white 
paint {permanent white), which remains untarnished by 
sulphuretted hydrogen or other vapors. It is frequently 
employed for the purpose of adulterating white lead ; the 
adulteration may be detected by dissolving white lead in 
nitric, acid ; if pure, the whole will be dissolved ; if any 
sulphate of baryta be present, it will remain as a white 
sediment. 

10. Sulphate of Lime, or Gypsum, CaO,S03+2HO, 
is a soft, white, mineral, very abundant in nature ; the finer 
kinds are known as alabaster, and when regularly crystal- 
lized, it is called selenite. When gypsum is heated to 
about 300° F., the greater part of its water of crystalliza- 
tion is expelled; it is then ground to powder, and known as 
Flaster of Paris. 

11. When Plaster of Paris is made into a thin paste with 
water, it again combines vrith it, and speedily sets or 
hardens, as we see in the case of plaster busts, stucco work, 
&c. 

This effect, however, does not take place if the gypsum 

p 
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has been over-heated, so aa to become anhydrous, or if 
the plaster has been made some time. 

12. Since sulphate of lime is somewhat soluble, and 
exists abundantly in the earth, it is frequently found in 
spring or welb water. All waters containing lime are 
called hard, but such as contain sulphate of lime are per- 
manently hard, that is, they do not deposit their lime and 
become soft by boiling, as waters containing only carbon- 
ate of lime do ; such water may, however, be deprived of 
its hardness by the addition of an alkaline carbonate, 
which, by double deccmiposition, precipitates the lime in 
the form of chalk. 

13. Ground gypsum is frequently used in agriculture, 
as a manure for clover, peas, beans, &c. It is believed to 
act by furnishing lime and sulphur to the plants, and by 
absorbing the carbonate of ammonia found in the air and 
in rain-water. It is said Uifix the ammonia ; this it does by 
double decomposition, whereby the volatile carbonate of 
ammonia becomes the non-volatile sulphate ; and the gyp- 
sum or sulphate of lime becomea carbonate of lime or 
chalk. 

CaOS03-J-NH3,HO,C03,=NH,HO,S03+CaO,CO.>. 

Ex, b, — Put into a glaas a few spoonfuls of a saturated solution of 
chloride of calcium, and add to it gradually, drop by drop, sul- 
phuric acid. If these two liquids be stirred together with a glass 
rod, they become converted into an opaque, white, and almost solid 
mass of sulphate of lime. 

14. Sulphate of Magnesia, MgO.SOs+rHO, is well 
known by the name of Epsom salts, having been £rst ob- 
tained from a spring at that .place. It is found in sea- 
water, and in many mineral spripgs. It has a bitter, 
nauseous taste, is very soluble, crystallizes readily, effloresces 
slightly when exposed to the air, and is much used as an 
aperient medicine. 

15. It is manufactured in large quantities by the action 



»VLPHAT£8. 211 

of dilate sulpbnrie aeid on magnesiaxi limeBtone (a native 
carbonate of lime and magnesia). Sulphates of lime and 
of magnesia are formed, but the latter being very soluble, 
is easily separated from the slightly soluble sulphate of 
lime, by adding a little water to the mixture, and filtering. 

16. Sulphate of magnesia is also frequently obtained 
by the action of sulphuric acid on bittern, that is, the 
liquid which remains after the extraction of the common 
salt from sea-water. 

This i bittern, so called from its bitter taste, consists 
chiefly of sulphate of magnesia and chloride of magne- 
sium. On being boiled witU sulphuric acid, the chloride 
of magnesium is decomposed, and sulphate of magnesia 
formed. 

The latter process is preferred, when the sulphate of magnesia is 
prepared for the purpose of being converted into the carbonate, on 
account of the absence of iron, which metal is generally present in 
the salt prepared from magnesian limestone. 

On the other hand, the former process, § 17, is preferred for medical 
purposes, because the salt is free from chloride of magnesium, and 
consequently not deliqu^cent, and may be obtamed very nearly pure. 

17. Sulphate of Alumina, A1A,3S0,-|-18H0, maybe 
prepared by boiling calcined (or burnt) clay in sulphuric 
acid ; it is a very soluble salt, which is unaltered in the air ; 
when exposed to heat, it loses its water of crystallization 
and becomes anhydrous ; heated to redness, it is decom- 
posed, the acid being expelled, while pure anhydrous 
alumina remains. 

Sulphate of alumina is itself an unimportant compound, but com- 
bines with the sulphates of potass, soda, and ammonia, forming double 
salts of great interest, known as olutM. 

18. Sulphate of Aluinina and Potass, Common Alum, 
Al203,3S08-t-KO,S03-f-24HO, maybe prepared by simply 
mixing together the sulphates of alumina and potass, but 
it is generally obtained from a kind of slaty clay or shale, 
which contains much iron-pyrites, bisulphuret of iron, 
FeSj, by the following process. 
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The aiuminoas shale, or alum-schiMi, as it is termed, is moderately 
roasted, then moistened and exposed to the action of the air, whereby 
the sulphur becomes oxidized into sulphuric acid, which, uniting with 
the iron and alumina, forms proto-sulphate of iron and sulphate of 
alumina. 

These salts are dissolved out from the mass by water, the solution 
partly evaporated, and left to cool, when great part of the sulphate of 
iron separates in crystals, and the sulphate of alumina, being much more 
soluble, remains. Chloride of potassium is then added, whereby the 
rest of the sulphate of iron is decomposed, while sulphate of potass 
and chloride of iron /are formed. The sulphates of alumina and 
potass then combine and form alum, which is separated by crystalUza- 
tion, the more soluble chloride of iron remaining in solution. 

19. These stepg may be thus stated : — 
Ist. Oxidizing influence of the air. 

Al,03,3S03+3FeS,— 210 = Ala0^3S08 + 3(FeO,SOa). 

2ud. Separation of a part of the sulphate of iron by 
crystallization, decomposition of the remainder 
by chloride of potassium, and subsequent forma- 
tion of the double salt. 

Al,03,3S08+FeO.SO,+KCl=(Al,08,3SOs+KO,S03) 

H-FeCL 

20. Alum has a sweetish, astringent taste, reddens vege- 
table blues, is soluble in eighteen times its weight of cold 
water (60° F.), and in about three-fourths of its weight of 
boiling water. When heated, it becomes anhydrous {burnt 
alum) ; at a high temperature it is decomposed. 

Alum is much used in tanning, dyeing, calico printing, 
&c. ; and by candle makers, to harden the tallow and render 
it white. 

The pigments called lake-colors, such as crimson-lake, madder-lake, 
carmine, &c , are formed by adding alum to a solution of the coloring 
matter, and then an alkali to precipitate the alumina. 

£r. 6.— Repeat Ex, a, Chap, zxi. 
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21. Alum affords a Btriking example of isomorphism, 
(Chap, xxvi., § 29) ; for the potaas may be replaced by 
soda, or ammooia; and the alamina by aesquioxide of 
chromium or irou« without altering the eryttalline form of 
the salt. 

Common alum = AjO^SSO, -|- KO.SO,. 
Soda alum = „ -f NrO,SO,. 

Ammonia alum = » -f NH40,S08. 

(KO, ) 

* Chrome alum = CrjCSSO, + NaO, > SOj. 

( NHA ) 

* Iron alum ,= FeAi^SO, -h „ „ 

A very pure alum (Rowutn abtrn) is obtained in ibe Boman States, 
by simply heating a mineral termed alum-stoney till sulphurous acid 
begins to escape from it, and then dissolving the residue in water. 

Alum-stone contains an insoluble subsulphate of alumina with 
sulphate of potass. The heating has the effect of separating the 
excess of alumina, so that a neutral sulphate of alumina is formed ; 
which, uniting with the sulphate of potase, forms alum. Alum-stone 
appears to be continually produced at the Solfatara, near Naples, and 
in other volcanic districts, by the joint action of sulphurous acid and 
oxygen ujion iraehyUt a Tolcanic rock composed almost entirely o_ 
felqwrf which is a double silicate of alumina and potass — , 

AlA.3Si03+KO,SiO,. 

22. Proto-sulphate or Sulphate of iron, Copperas, or 
Green vitriol, FeO.SOj — 7H0. — This very common but 
important salt is obtained on a large scale by exposing iron- 
pyrites, bisulphuret of iron, FeSs, to the action of air and 
moisture. By absorbing oxygen, the sulphur becomes 
sttlphuric acid, and the iron, protoxide of iron, — these 
combined, form protosulphate, or, as it is more simply 
termed, sulphate of iron. As, however, there is a great 
excess of sulphuric acid formed, pieces of old iron are 
added to saturate or neutralize it, and the salt is obtained 
in crystals, on evaporation. 

* These substances are termed alunu, although they contain no 
alumina, because they are obtained from alum by substitution. 
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23. Sulphate of iron is soluble in about twice its weight 
o€ cold water, and has a disagreeable, inky taste; its 
crystals, which are of a green color, effloresce in dry air, 
but oxidize slowly when exposed to moisture, being changed 
on the surface into persulphate of iron, and becoming of a 
rusty, reddish color.* 

24. Sulphate of iron, when moderately heated, loses six 
sevenths of its water of crystallization, and becomes white ; 
if exposed to a greater heat, it becomes nearly anhydrous, 
and when heated to redness it is decomposed, as shewn in 
the process for obtaining Nordhausen, or fuming sulphuric 
acid. Chap, xiv., § 18— 

4FeO,S03+HO = 2FeA+2S02+HO,2SOs, 

JEx, e. — Drop some crystals of protosulphate of iron into airofip 
sulphuric acid, or alcohol, they will not be dissolved, but be converted 
into a white povirder (anhydrous sulphate of iron), the liquid having 
deprived the salt of its water of crystallization. 

25. Persulphate of iron, Fe303,3S03 3 this substance, 
which is a sulphate of the peroxide of iron, is obtained by 
oxidizing the protosulphate, as shewn in the last two para« 
graphs ; or, more easily, by adding to a splution of 
the common sulphate, as much sulphuric acid as it already 
contains, heating the mixture to the boiling point, and 
then gradually dropping in nitric acid, so long as it darkens 
the solution. On evaporation, a reddish brown, uncrystal- 
lizable mass is obtained, which slowly dissolves in water. 

Persulphate of iron combines with sulphate of potass, soda, or 
ammonia, forming a substance already noticed as iron-alum, similair 
to common alum, in taste, composition, and form of crystals. 

26. Common sulphate of iron is much used for dyeing 
dark colors, for making ink, and as a tonic in medicine. 

• " Whence the French term couperose applied to them, corrupted 
into copperas "-^Brande, 
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Jbr. <f. — To a solation of lulphate of iron, add some solutioa of 
nutgalls (or a few drops of the tincture of galls), a bluish-black 
precipitate is formed, a tanno-gallate of the protoxide of iron. If 
this precipitate be held in suspension in the water by means of a little 
gum dissoWed in it, we have common ink. 

The color darkens by degrees, in consequence of the perozidize- 
ment of the iron, by the action of the air. But ink affords a more 
durable writing when used in the pale state, because its particles are 
then finer, and penetrate the paper more intimately. When ink con- 
sists chiefly of tanno-gallate of peroxide of iron, howeyer black, it is 
merely superficial, and is easily erased or effaced. 

Ex. tf.-^Add some hydrochloric acid to the black solation just 
made, the color will disappear;; soluble chloride of iron is formed. 

Ex. f. — Instead of solution of galls, in the last experiment, add a 
little solution of ferro-cyanide of potassium, a blue precipitate will be 
formed (Prussian blue) ; deep blue, if ^persulphate or any jT^rsalt of 
iron be used, and pale blue, darkening on exposure to the air, if pro- 
losulphate or any /^rotosalt of iron be employed. 

27. Snlplmte of Copper, CuO.SOs, tbe common blue 
vitriol of commerce, is much used in the arts, for pre- 
cipitation by the electrotype process, and as the source of 
numerous paints and dyes, and in «urgery as an external 
caustic application. 

28. Sulphate of copper may be prepared by dissolving 
oxide of copper in sulphuric acid {Cha^, xiv. §§ 12, 13) ; 
it is obtained in considerable quantities, and very pure, in 
certain processes for refining gold and silver, termed part- 
ing ; and is manufactured on a large scale by exposing 
sulphuret of copper, copper pyrites, CuS, to the action of 
air and moisture, the latter process being analogous to that 
already described, § 22, for preparing sulphate of iron. 

Ex. g. — Make a very weak solution of sulphate of copper, and add 
to it liquid ammonia ; it will become of a most beautiful blue color, 
such as we see in the shop windows of the chemists. 

29. Sulphate of Zinc, ZnO,SO, ; this substance, for- 
merly called white vitriol, is prepared on a large scale by 
roasting and oxidizing the sulphuret of zinc, zinc blende, 
ZnS 5 it is also the residue formed in the usual process fot 
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obtaining hydrogen gas, Chof, v, § 13. It in very similar 
in appearance to sulphate of magnesia, and is not unfre- 
quently used in medicine as an emetic, and as a cooling 
application in inflammation of the eyes. Like all the 
other salts of zinc, it is poisonous. 

EXERCISES ON CHAPTER XXVIII. 

1 . What are sulphates, and how may they be fanned ? 

2. How are sulphates naturally formed ? 

3. How may a soluble sulphate be recognised ? 

4. How may an insoluble sulphate be analysed ? 

5. How are the sulphates affected by heat ? 

6. What effect is produced by heating the sulphates with char- 

coal ? 

7. Describe the preparation and uses of sulphate of potass. 

8. How is sulphate of soda prepared, and for what is it used ? 

9. What is sulphate of baryta, and for what is it used ? 

10. What are alabaster , gypsum^ selenite^ and plaster of Paris ? 

11. What is the cause of plaster of Paris setting or hardening ? 

12. What is meant by water hein^ permanently hard t 

13. Of what use is sulphate of lime in agriculture ? 

1 4. State the composition and properties of Epsom salts. 

15. How is sulphate of magnesia generally prepared ? 

16. How may sulphate of magnesia be obtained from sea-water ? 

17. How is sulphate of alumina formed } 

18. What is common alum, and whence is it obtained ? 

19. Describe the process of the alum manufacture. 

20. State the properties of alum. 

20. For what is alum used P 

21. Describe the diffierent forms of alum. 

22. How is the common or |7roft>-sulphate of iron obtained ? 

23. State the properties of sulphate of iron. 

24. How is sulphate of iron affected by heat ? 

25. What is persulphate of iron ? 

26. For what is sulphate of iron used ? 

27. For what is sulphate of copper employed ? 

28. How is sulphate of copper obtained P 

29. State the mode of preparation and the uses of sulphate of zinc. 
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CHAPTER XXIX. 

IflTBiuTXS. 

General formula^ MOjNOg. 

1 . The Nitrates may be prepared by the direct action 
of nitric aeid on the metals, metallic oxides, or metallic 
carbonates ; in the first case with decomposition of the 
acid, (see Chap. viii. § 14) ; and in the last case with evo- 
lution of carbonic acid. 

2. All the nitrates are soluble in water, and they are all 
decomposed by heat and by sulphuric acid. 

The only native nitrates known are those of potass, soda, lime, and 
magnesia. 

3. Nitrate of Potass, saltpetre, EO,NOfi ; this valuable 
salt is formed naturally in the soil and appears as a sort of 
efflorescence on its surface, in various hot and dry conn- 
tries, and especially in the East Indies, whence most of the 
saltpetre used in Great Britain is obtained. 

4. In France and other parts of the continent it is pro- 
duced artificially in what are termed nitrc'beds. These are 
heaps of vegetable and animal refuse, mixed with old mor* 
tar, plaster, rubbish, or other calcareous* matter, sheltered 
from the rain, but freely exposed for some time to the 
action of the air. In the gradual putrefaction of the 
animal substances which ensues, their nitrogen combines 
vrith oxygen and forms nitric acid, this unites with the 
Hme and potass present in the heap, forming nitrates of 
Ume and potass* 

* CalcareoiUf containing lime. 
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The plister of old walls frequently contains as much as 5 per cent. 
of nitre, which appears to arise from the decomposition of the animal 
matter contained in the mortar. 

The formation of nitric acid, above mentioned, takes place only in 
the presence of alkaline substances. When they are absent, the 
nitrogen passes off combined with hydrogen, forming ammonia, NHs. 

Even in the presence of lime there is reason to believe that ammo- 
nia is first formed, and its constituents afterwards converted into 
nitric add and water, thus : 

NH3+80=N054-3HO. 

5. The mixture of nitrates of lime and potass obtained 
from the nitre-beds is dissolved in water together with 
wood-ashes, (carbonate of potass,) whereby the former is 
decomposed, carbonate of lime being precipitated, while 
nitrate of potass remains in solution. 

CaO,N04+KO,C02=CaO,CO,+KO,NO,. 

This solution of nitrate of potass, as well as that obtained 
by the process of Uxiviation"^ from naturally nitrous soils, 
is then drawn ofp, evaporated, and crystallized. 

It may be further purified by re-solution and crystalliza- 
tion several times repeated. 

6. Nitrate of potass crystallizes in the form of six-sided 
prisms ; is uahydrous, bolorless, and inodorous ; has a 
cooling saline taste ; and is readily soluble both in hot and 
cold water. At about 616° it fuses without change, and 
cools in a white mass, sometimes cast into cakes or balls, 
{sal prunella). At a higher temperature it is decomposed, 
affording abundance of oxygen gas. 

'*One pound of nitre yields about 12,000 cubic inches ot oxygen 
sufficiently pure for many common experiments ; it is, of coarse, mixed 
with a portion of nitrogen.'' — Brande. 

Ex, a. — The cold produced by saltpetre mixed with water is very 
great, so that if one part of powdered nitre be mixed with five of 
water, the thermometer which stood at 60<> in the water, will sink to 
45' or even lower, in the mixture. 

* Lixiviation is the separation of soluble substances from a mass of 
matter, by pouring water over it, as in obtaining carbonate of potass 
from wood ashes. 
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7. Saltpetre is powerfully antUeptic^ that is, it preserves 
animal substances from putrefying, hence it is used with 
common salt, for salting meat, to which it imparts a red- 
dish color. It is the chief source of nitric acid, which is 
obtained from it by the action of sulphuric acid, (see 
Chap. yiii. § 21). In medicine it is used in small doses as 
a sedatiye, but in quantities of more than half an ounce it 
is poisonous. The principal use of saltpetre, however, is 
in the manufacture of gunpowder. 

8. The large quantity of oxygen contained in nitrate of 
potass, and the readiness with which this salt may be de- 
composed, render it most suitable for rapid and sudden 
combustion, hence it is the chief ingredient in gunpowder 
and fire works. 

Sulphur, phosphorus, carbon, and most of the metals 
when in filings or powder, deflagrate (i.e. bum suddenly 
and vividly) if thrown on red hot nitre, sometimes with a 
considerable explosion. 

JE», h, — Mix together three parts of nitre, two of dry carbonate of 
potass, and one of sulphur. Pot a few grains of this powder into a ladle, 
and place it over a fire, so that the powder may heat very gradually. 
It will, in a minute or so, turn black, fuse, emit a faint blue flame, and 
then explode with a tremendous report 

£x, c.-^Heat some nitre to redness in a crucible, throw a little 
sulphur into it, combustion of the sulphur will take place, nitrogen 
escape, and a mixture of sulphate and sulphite of potass remain. 

Esf. d. — ^Throw some shreds of phosphorus upon red hot nitre, 
instant inflammation will ensue, and a phosphate of potass be fcMrmed, 
while a large quantity of nitrogen escapes. 

JEx. e, — ^A mixture of five grains of powdered nitrate of potass with 
one grain of phosphorus, will produce a very violent explosion when 
struck on an anvil by a hot hammer. Nitrogen gas, phosphoric acid, 
and phosphate of potass, are the results of this decomposition. 

JSr. /. — If half an ounce of nitrate of potass be heated in a crucible, 
and a quarter of an ounce of powdered charcoal be thrown into it, a 
brilliant combustion will take place. The new products are carbon- 
ate of potass, which remains in the' crucible, and carbonic acid and 
nitrogen gases, which escape. 
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9. Gunpowder is a mechanical mixtnre of saltpetre, 
charcoal, and sulphnr, in different proportions^ according 
to the purposes to which it is to be applied. 





Nitre. 


Sulphur, 


Chare. 


Common powder 


75 


12i. 


2i 


Shooting „ 


78 


10 


12 


Miners' „ 


65 


20 


15 



The larger the proportion of sulphur, the less powerful will be the 
explosion of the powder, and the less will it he injured hy damp. 

10. The explosive violence of gunpowder depends upon 
the sadden production of gaseous compounds, which are 
at the same time greatly expanded by the heat evolved. 
The gases given off are carbonic oxide, carbonic acid, 
nitrogen, and sulphurous acid, while the solid matter that 
remains, consists chiefly of sulphuret of potassium, with (oc- 
casionally) sulphate and carbonate of potass and charcoal. 

11. Nitrate of Soda, cubic nitre, NaO.NOg; this substance 
is known in commerce as Chili saltpetre, large natural beds 
of it having been found in that country. It may be em- 
ployed in many cases instead of nitrate of potass. 

Professor Proust says, " that five parts of nitrate of 8oda,^with one of 
charcoal, and one of sulphur, will burn three times as long as common 
powder, so as to form an economical composition for fireworks. It^ 
however, gets damp by exposure to the air, which the compositions of 
saltpetre do not, if the salt be pure." 

12. Nitrate of Lime, GaO,N06; this substance abounds 
in old mortar and plaster walls, and is formed in the nitre* 
beds, as already mentioned. It deliquesces on exposure to 
the air. No use is made of it except in the manufacture 
of saltpetre, § 5. 

13. Nitrate of Ammonia, NHaHCNOg or NHANOj, is 
a deliquescent salt, very soluble in water, prepared by 
neutralizing dilute nitric acid with carbonate of ammonia, 
and evaporating the solution. When car^^/y heated to 
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between 400° and 500®, it is decomposed into protoxide of 
nitrogen, (laughing gas), and water. (See Chap. yiii. § 11.) 
NH40,NO,=2NO+HO. 
At 600° it explodes with considerable violence. 

14. Nitirate of Silver, lunar caustic, AgO,NO(, is easily 
prepared by dissolving silver in dilute nitric acid ; the 
solution, if pure, is perfectly transparent and colorless ; 
white, anhydrous crystals, in the form of thin plates, may 
be obtained by evaporation. 

15. Nitrate of silver fuses at 426°, and may be cast into 
small, cylindrical (pencil-like) sticks ; in this form it is 
used by surgeons as an external application, to cauterize 
or burn away diseased flesh, warts, &c. At 700° it is de- 
composed into oxygen, nitrous acid and metallic silver. 

£x. g. — Throw a few crystals of nitrate of silver on red-hot char- 
coal, they will be decomposed, light and heat will be evolved, and the 
charcoal covered with spangles of metallic silver. 

16. The nitrate (like the other salts of silver) is decom- 
posed and blackened on exposure to light, and is no longer 
perfectly soluble in water. When in contact with organic 
substances it communicates to them, after a short time, a 
deep purple or black tint. This blackening is due to the 
separation of finely divided metallic silver, while the caustic 
effect of the salt is produced by the nitric acid. 

17. This tendency of nitrate of silver to become black 
when exposed to light, occasions it to be much used for 
marking linen, for dyeing the hair, and especially for pho- 
tographic purposes. 

Ex. h» — Dissolve a little nitrate of silver in a wine-glass full of 
water, and immerse in it a slip of bright, clean, copper. Decompo- 
sition will take place, the copper unites with the nitric acid forming 
nitrate of copper, and the silver will be precipitated. 
AgO,N05+Cu=CuO,NOj.fAg. 

Bx. i. — A still more beautiful effect takes place when several drops 
of a solution of nitrate of silver are let fall on a plat^ of polished cop- 
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per. Here, in a yery short time, a brilliant precipitation of metallic 
lilver will take place, in an arborescent or branching form, 

Es. k — Immerse a piece of white silk ribbon in a solution of nitrate 
of silver, and while wet expose it to a stream of hydrogen gas ; it will 
at first be blackened, and afterwards become silvered by the reduction 
of the metal. Ivory, marble, and other bodies may be stained black, 
or even silvered, by moistening them with nitrate of silver, and ex- 
posing them to the full power of the 8un*s rays. If two or three coat- 
ings be applied, and the artides polished, when dry, with a piece of 
leather, they wiU have the appearance of silveK 

Ex. I, — Nitrate of silver, like the nitrates of potass, &c. explodes 
with charcoal, sulphur, or phosphorus, when struck with a hot ham- 
mer. N.B. Very tmaU quantities of the substances should be em- 
ployed, and great caution exercised* 

18. Nitrates of Mercury. There are several nitrates of 
mercury ; they are of little use, and their true composition 
is not well ascertained. The Frotonitrate of Mercury, 
HgO,Npg+2HO, is valuable as a chemical test. 

19. Nitrate of Cc^per, CuOiNOj-f-BHO, is prepared by 
the action of nitric acid upon copper, (see Chap. viii. § 14). 
Its crystals are of a deep blue color, very deliquescent and 
soluble ; when heated to redness, they yield protoxide of 
copper, CuO. 

j^. fn, — ^Wrap some crystals of nitrate of copper in tinfoil ; while 
dry, no chemical action takes place, but moisten them with a drop of 
water, and soon heat will be evolved and sparks of fire flash out. 

20. Nitrate of Baryta, BaO,N0fi ; and Nitrate of 
Strontia, SrOjNOj. — These salts are not much used except 
in the manufacture of colored fires. The salts of haryta 
give a green, and the salts of strontia, a red color to flame. 
Nitrate of haryta is sometimes used as a test for sulphuric 
acid. 

JBx. n. — Red Fire. Take 40 parts of dried nitrate of strontia, 13 of 
sulphur, 4 of sulphuret of antimony, and 5 of chlorate of potass. 

Ex. 0. — Green Fire. Use 77 parts of dried nitrate of baryta in the 
preceding, instead of nitrate of strontia. 
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EXERCISES ON CHAPTER XXIX. 

1. How may the nitrates be prepared? 

2. State some general characteristics of the nitrates. 
^ Where is nitrate of potass found native ? 

4. Vfh^i ne nitre beds r ' 

5. How is nitrate of potass obtained from the nitre beds ? 

6. State some of the properties of nitrate of potass. 

7. Name some of the chief uses of nitrate of potass. 

8. Why is nitre adapted for fire-works, &c. ? 

9. What is gunpowder ? 

10. How may the explosive force of gunpowder be accounted for ? 

11. Whence is nitrate of soda obtained ? 

12. How is nitrate of lime obtained 2 

13. State some of the properties of nitrate of ammonia. 

14. How is nitrate of silver obtained ^ 

15. How is nitrate of silver affected by heat ^ 

16. How is nitrate of silver affected by light and organic matter ? 

17. What are the chief uses of nitrate of silver ? 

18.. Give the formula of protonitrate of mercury, and state its uses. 

19. What is nitrate of copper? 

20. For what are the nitrates of baryta and strontia employed ? 



CHAPTER XXX. 

PHOSPHATES, CHLORATES, ETC. 

1 . Phosphoric acid, as already explained, (Chap. vii. 
§§ 16, 17 i) is both monobasic and poly basic ; hence there 
are two classes of phosphates, the monobasic and the 
polybasic phosphates. The former have the simplest com- 
position, but are the least common. The phosphates, with 
the exception of those of the alkalies, are but sparingly . 
soluble in pure water; they are all dissolved, without 
effervescence, in an excess of phosphoric or nitric acid. 

2. Phosphate of Soda, 2NaO,HO,P05,+24HO, is a 
tribasic phosphate, having an alkaline reaction ; it is occa- 
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Biocallyused in medicine as a purgative (sal perlatum), 
and in chemistry as a re-agent for procuring the other 
phosphates. 

If the essential equivalent of water in the common tribasic phos- 
phate he replaced by an eqaivalent of soda, (which may be effected 
l^y adding solution of caustic soda,) a second tribasic phosphate, 
sometimes called subphosphate, SNaO.POs, is obtained, which has an 
alkaline reaction. 

If phosphoric acid be added to the common phosphate of soda, a 
third tribasic phosphate, often termed superphosphate, NaO,2HO, 
PO5, will be formed; in which one of the equivalents of soda has 
been replaced by a seeond equivalent of water. This salt has an acid 
reaction. 

By strongly heating ordinary tribasic phosphate of soda, the equiva- 
lent of water is expelled, and bibaaic or jtiyrophosphate of soda remains. 
2NaO, POs. Another bibasic phosphate, NaO,HO,P05, has been 
obtained. 

When the superphosphate of soda is strongly heated, both equivalents 
of water are expelled, and a monobasic phosphate remains, NaO,P05, 
which is known as tne/aphosphate of soda. 

Ex. a. — The tribasic phosphates of soda give a bright yellow pre- 
cipitate when added to a solution of nitrate of silver. The monobasic 
and bibasic phosphates give a white one. 

3. Miorocosmic Salt is a tribasic phosphate of soda and 
ammonia, NaO,NH40,HO,P05, much employed as Kflux in 
blowpipe experiments. Both the ammonia and water are 
driven off by heat, and a very soluble and fusible glassy 
substance (metaphosphate of soda) is left. 

4. The phosphates of soda are instances of the for- 
mation of different substances by substitution or replace- 
ment, as in the following series of tribasic phosphates, 
in which either one or two of the three original equivalents 
of soda may be replaced by one or two equivalents of an- 
other oxide : thus — 

Subphosphate of Soda = NaO,NaO,NaO, 

Phosphate „ = NaO.NaO,HO, . 

Superphosphate „ = NaO,HO,HO, f *' 

Miorocosmic Salt = NaCNHAHO, 
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Similarly,— 

Pyrophosphate of Soda, (a) = NaO,NaO, | 

„ „ (/3) = NaO,HO, j*^"*- 

From this we see that a polybasic acid in combining with its proper 
number of equivalents of base, may either take the whole from one 
base, or part from one and part from another. 

5. Phosphate of LioiO exists: in several forms corre- 
sponding to the phosphates of soda already named. The 
most important of these is the bone- earth phosphate, 
SCaCPOfi, so termed from its beiug the principal mineral 
ingredient in bones (see Chap, xv. §§ 5, 6) : it is obtained 
by heating the bones of. .i^iiimals till all the organic matter 
is dispelled^ 

6. Since the bones and flesh of animals contain various 
phosphates, these must be supplied by the food on which 
they hve. They are therefore found in large quantities in 
the grain and seeds of plants. Every crop removes some of 
the phosphates from the soil, and will thus diminish its pro- 
ductive^ness. Hence burnt bones are valuable -as a manure, 
for they restore to land those earthy phosphates which are 
indispensable to first-rate crops of grain. 

" Phosphate of lime is essential to the healthful growth of corn ; a soil 
may be apparently rich, and produce abundance of atraw, but if phos- 
phoric acid and lime be deficient, the wheat will be light and small." 

7. Phosphate of lime occurs native in the minerals 
apaJtite and phosphorite. Massive beds of it are found 
at Estramadura in Spain, and also in the United States. 
It forms the burnt hartshorn oi the druggist, and is used 
for absorbing grease from cloth, for making cupels, (see 
•Chap. XXV. § 20), and for preparing phosphorus. 

8. The Chlorates, MO,C10s, werj much resemble the 
nitrates ; they deflagrate, however, with greater violence, 
when mixed with inflammable substances. They are de- 
composed by a red heat, nearly all of them being resolved 
intp metallic chlorides, and evolving pure oxygen gas. 

M0,C10.=MCl+6d. 

Q 




Fig. 76. 
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9. Chlorate of Potass, E0,C10fi.— This interesting salt 

may be prepared by passing 
a current of chlorine gas 
through a solution either of 
potass, or of carbonate of 
potass, till the gas ceases 
to be absorbed. The liquid 
which contains chlorate of 
potass and chloride of po- 
tassium may be partisdly 
evaporated and allowed to 
cool, when ci^ystals of chlo- 
rate of potass will be deposited ; by further evaporation 
and cooling, crystals of the more soluble chloride of po- 
tassium may be obtained. 

In this process six equivalents of chlorine act on six 
equivalents of potass, thus, — 

6C1+6K0= 5KC1+K0,C105. 

Any free chlorine is expelled from the solution by heat. 
If carbonate of potass be used instead of caustic potass, 
the carbonic acid is displaced with eflfervescence. 

10. Chlorate of potass crystallizes in anhydrous four- 
and six-sided scales, of a pearly lustre, soluble in twenty 
parts by weight of cold, and two of boiling water. It 
is much used for forming lucifer matches, which may be 
distinguished from simple phosphorus matches by the 
crackling noise they make when rubbed. 

Ex. d.— See Ex/.f page 64. 

Ea. c— Rub together in a dry mortar one grain of chlorate of 
potass and half a grain of sulphnr — a succession of explosions, like 
the cracking of a whip, will take place, accompanied with a purplish 
light. 

Ex. d. — Mix car^ZZy together two grains of chlorate of potass and 
one of sulphur ; wrap the mixture in a piece of strong paper, and 
strike it with a hammer on a stone or anvil; a loud report will be 
instantly produced. 
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£r. «. — Mix together equal weights of chlorate of potau and loaf 
sugar, boih previously reduced to powder ; place the mixture on a tile 
or plate, and let fall on it from a tube or rod, a single drop of strong 
Bulpburic acid ; a sudden and violent combustion will ensue. 

Ex.f. — Put into a tall, narrow glass of water a little chlorate of 
potass and a few shreds of phosphorus, and then, by means of a long 
dropping tube or funnel, pour to the bottom a few drops of strong 
sulphuric acid ; violent action ensues, and the phosphorus burns under 
the water, the combustion being supported by the chlorine and gaseous 
compounds of chlorine and oxygen evolved by the decomposition of 
the salt. 

N.B. Chlorate of potass must never be kept ready mixed with 
inflammable bodies, for such mixtures sometimes explode spontane- 
ously. In all experiments with these substances, only very smaUquan- 
tiiiet should be used, and great caution must be exercised. 

11. Biborate of Soda, borax, NaO,2B03-f lOHO.— This 
substance occurs in the waters of certain shallow lakes in 
Persia, India, and Thibet, and forms an incrustation on 
their banks. In its impure state it is imported into 
England under the name of tincal, 

12. Borax crystallizes in six-sided prisms, which efflo- 
resce in dry air ; it is soluble in about twenty times its 
weight of cold water. When heated, it swells up, owing 
to the escape of the water of crystallization, and becomes 
anhydrous ; at a higher temperature it fuses, and on 
cooling forms a transparent glass. Its chief use is as a 
flux, and for soldering metals. 

13. The object of employing borax in soldering, is to 
keep the metallic surfaces clean ; this it does by dissolving 
the coating of oxide, and forming with it a glass which is 

'fluid at a liigh temperature, and easily moved aside by the 
melted solder. 

Borax is also much^ used as a flux in blowpipe analysis, 
owing to its forming colored glasses with various metallic 
oxides. 

Ex. g. — Place a fragment of borax on a piece of charcoal, and heat 
it by the blow-pipe flame tiUit ceases to swell out, and has. become 

« 2 
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anhydrous ; drnp on it a littld nitrate of cobalt, and then fiise it ag;ain, 
a bhte glass will be the result. Oxide of silver similarly treated gives 
an opaque milk-white glass ; oxide of manganese, a violet ; oxide ei 
nickel, an orange^red ; &c. 

Ex, A.-^Dissolve some borax in iiot water, soak some paper or 
pieces of rag in the solution, and let them dry. It will be impossible 
to inflame them, though they will gradually burn away. 

14. The Silicates ot compoands of silica with various 
bases, M0,Si03, form a larg« class of compoands, for the 
most part insoluble in water, and variously colored. They 
make up a very considerable portion of the earth's • crust, 
^he different kinds of glass and imitation jewels are arti- 
ficial silicates. 

15. Talc, French chalk, and soapstone, are silicates of 
magnesia, MgO.SiOs. 

Serpentine is a double silicate of magnesia and iron, 
MgO,FeO,2Si03. 

Clay is Silicate of Alumina, AlaOjjSSiOs, combined with 
more or less oxide of iron. 

The several varieties of Feldspar consist of silicate of 
alumina, combined with silicate o£ potass, soda, &c. 
AI3O3. 3Si03+KO,Si03. 

See also Chap. Xvii. { 8, and Chtip. ixi. $§ $, 7. 

16. Silicate of potass and soda forms a soluble glass, 
(Chap. xvii. § 10.) 

Common window glass is a silicate of soda and lime. 

Crown glass and plate glass are silicates of potass and 
lime. 

Flint glass is a silicate of potass and lead. 

Bottle glass is a silicate of alumina, iron, and potass 
or soda, the color being due to the impurities of the 
materials. 

Various metallic oxides are added to the melted silicates, 
to produce glass of different colors. 

J 7. The Chromates, MO.CrOs, present a great variety 
of beautiful colors, and are therefore much used as dyea 
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and pigments, or as testa. Tbey are for the most part 
insoluble in water. 

18. Chromate of Potass, KO.CrOs, is a valuable salt, by 
means of wbicb most of tbe other chromates may be pre- 
pared. It forms crystals of a beautiful yellow color, 
aolable in about twice their weight of water, at 60°. When 
strongly heated, it acquires a red color, but becomes yel* 
low again on cooling. When fused it loses oxygen and 
becomes green ; green oxide of chromium being formed, 
CrA. 

1 9. Chromate of Potass is prepared from chrome-iron ore, 
(a native compound of sesqui-oxide of chromium and proto- 
xide of iron, Cr20j+ FeO,) by strongly heating it either in 
a crucible, or a reverberatory furnace, with about one-fourth 
its weight of nitrate of potass, and then dissolving out the 
soluble matter by means of water. The solution yields, by 
evaporation, anhydrous crystals of chromate of potass, which 
are isomorphous with those of sulphate of potass. 

In the above process, the nitrate of potass is decom- 
posed, giving a portion of its oxygen to each of the metal- 
lic oxides, whereby the protoxide of iron, FeO, becomes 
the per- or sesqui-oxide, FcaOg ; while the sesquioxide of 
chromium, CrjOj, becomes chromic acid, 2Cr03, which 
immediately combines with the potass to form chromate 
of potass, K0,Cr03. 

20. Bichromate of Potass, KO,2CrO^ U obtained by 
removing half the potass of the neutral chromate, by the 
action of sulphuric, nitric, or acetic acid : thus, — 

2(KO,CiO,)-fSOs=KO.SO,+KO,2Cr03. 
If sulphuric acid be used, the sulphate of potass formed is not 
readily separated from the bichromate. Tbe purest bichromate of 
potS99 is obtained bj using acetic scid. 

21. Bichromate of Potass is much employed in dyeing 
and calico printing. It forms beautiful red crystals, 
soluble in 10 parts of water at 60°. At a red heat it 
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fuses witboat decompositiOD, but at a wbite heat, half the 
acid is decomposed, oxygen is evolved, and a mixture of 
sesqui-oxide of chromium aud neutral chromate of potass 
remains j — 

2(K0,2Cr03)=CrA+ 2(KO,Cr08) + 30. 

22. Chromate of Lead, Chrome yellow, PbO,CrOs. — ^This 
substance, which is much used by dyers and painters, is ' 
formed by adding a solution of chromate or bichromate of 
potass to one of acetate or nitrate of lead. It is insoluble 
in vrater, but soluble in nitric acid or in potass. 

When chromate of lead is boiled vrith caustic potass or 
lime water, one-half the acid is withdrawn, and an orange- 
colored subchromate of lead remains, 2PbO,Cr08, {chrome 
orange.) 

2(PbO,Cr03)+KO=KO,CrO,+2PbO,CrOa. 

When chromate of lead is gradually added to saltpetre 
in a state of fusion, at a gentle heat, a beautiful red sub- 
chromate is formed, termed chrome red. 

Ex. i. — Dip some pieces of white linen or paper in acetate of lead 
and allow them to dry ; then dip them in a solAtion of chromate of 
potass ; they will be dyed yellow ; pass them into some boiling lime 
water they will become orange-colored. 

Ex. k. — Prepare a series of glasses containing solutions of various 
metallic salts in distilled water ; add to each a few drops of solution 
of chromate of potass, and notice the colors of the precipitates formed 
which will be chromates of the several metals. 

23. Arsenite of Potass, 2EO,As08, iA a bibasic salt, 
formed by boiling arsenious acid (common white arsenic) 
in water, with an equal weight of carbonate of potass. 

The alkaline arsenites are soluble and uncrystallizable. 

24. Arsenite of Copper, 2CuO,AsOs. — This beautifiil 
green powder, known as Scheele'sgreefi, is the precipitate 
formed by adding arsenite of potass to sulphate of copper. 

Ex. I. — Adda few drops of a solution of arsenious acid to a small 
quantity of a solution of the sulphate, nitrate, or acetate of copper. 
The liquid remains quite transparent and colorless, the arsenious add 
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not having lo great an affinity for the oxide of copper as the acid with 
which it is already combined. If a small quantity of an alkaline 
solution (potass or its carbonate) be now added, the alkali will unite 
with the acid of the salt employed, and remain in solution, and the 
arseoions acid combining with the oxide of copper, will form arsenite 
of copper, which is insoluble in water, and is precipitated of a grass- 
green color. 

5. The other metallic arsenites may be formed by double 
decomposition, in a similar manner to arsenite of copper. 

Arsenite of Silver, 2AgO,A80„ is white, quickly 
changing to yellow, and finally to brown. 

Ex, m. — See Ez. k. Chap. xxiv. 

26. Arseniate of Potass, 2RO,HO,As05, is a tribasic 
salt, formed by adding arsenic acid to carbonate of potass ; 
it is uncrystalUzable and deliquescent. 

If the arsenic acid be in excess, a Binarseniate of Potass, 
KO,2HO,As05, will be formed, which crystallizes on evapo- 
ration, and can thus be separated from the former. 

Arsenic acid, heated in earthenware tubes, &c. soon cor- 
rodes them by its action on the alumina with which it 
combines, forming Arseniate of Alumina. 

27. Many of the arsenites and arseniates are found 
native in various metallic ores. 

The precipitate of Arseniate of Silver, SAgCAsOg, 
formed by adding arseniate of potass to nitrate of silver, 
is highly characteristic of arsenic acid, being red, while the 
arsenite of silver is yellow. 

Ex, n. — Add arseniate of potass to a solution of the nitrate of silver. 
The arseniate of the metal will be thrown down as an insoluble pow- 
der of a brick-red color. 

28. The arseniates and arsenites may be recognised by 
the garlic-like odor they give off when heated in a « tube 
with charcoal. 

The arsenites when heated alone, generally lose part of 
their acid, which sublimes; the arseniates, under the 
same circumstances, mostly retain their acid. 
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The ari^ites, #fa6n dissolred in dilute faydroebloi-it mt\df 
give a yellow cloud of snlphufet of arsettic #ith salphiuret* 
ted hydrogen, but the arseniates do not. 

EXERCISES ON CHAPTER XXX. 

1. How are the phosphates divided ? 

2. What is phosphate of soda ? 

3. What is microcosmid Salt } 

4. Illustrate the theory of repkc^iAent or substituliott. 
b. What is phosphate of lime f 

6. Why are burnt bones useful as manure? 

7. Where is phosphate of lime found native i^ For what ifl it used.' 

8. State some general properties of the ehl()r<tea# 

9. How is chlorate of potass prepared ? 

10. What are the nature and properties of chlorate of potiss ? 

11. Whence is borax obtained ? 

12. What are the properties of borax ? 

13. For what is borax used ? 

14. Describe the silicates. 

15. State the composition of talc, s^pentine, elay, feldspar, and 

granite. 

16. Name and give the eomposition of some artificial silioatea4 

17. Why are the chromates valuable ? 

18. Describe the chromate of potass. 

19. How is chromate of potass prepared ? 

20. What are the characteristics and uses of bichromate of potass ? 

21. How is bichromate of potass prepared ? 

22. What are chrome-yellow, orange-ehtbtM, and ehromt^rttf^ and 

hoir may they be formed ? 

23. What is arsenite of potass ? 

24. What is Seheele*9 green ? 

25. How may the arseniates be formed ? 

26. Give the composition of arseniate and binarseniate ef potASS. 

27. State a characteristic test of arsenic Adid. 

28. Hdw may the tiiftenites aitid ferseniates be recoginised and di^ 
tinguished ? 
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CHAPTER XXXI. 

HALOID SALTS. 
CHLOKIDBB. 

1* The Chlorides, MCI, may be formed, either by tbe 
direct uoion of their elements (a), or by the action of 
hydrochloric acid on a metal (6) or metallic oxide (c). 

(a). M+C1=MC1, as in the combustion of antimony, 

^c. Chap. xvi. Ex, g, 
(6). M+HC1=H+MC1, as when zinc is added to strong 

hydrochloric acid, and hydrogen gas is given off. 
(c). M0+HC1=H0+MC1, as when common salt is 

formed by adding hydrochloric acid to soda 

[double decomposition),. 

2. The attraction of chlorine for metals is greater than 
that of oxygen i hence when a metallic oxide is heated in 
chlorine, oxygen gas is evolved, afid a chloride formed. 

All the metals unite with chlorine, some at common 
temperatures, others when more or less heated ; some very 
slowly, others with great energy and rapidity. Minute 
division accelerates the combination. 

Ex, a, — Perform Ex, g., Chap, xvi. 

3. Most of the metallic chlorides are sol able in water, 
and may be readily crystallized; some are wholly insoluble, 
while others exist only in the liquid state. % 

The insolable chlorides may be obtained by adding a 
soluble chloride to the soluble metallic salts. 

Ex, ^t-^Add a drop of nitrate of silver to a clear solution of com- 
mon salt, a milkiness will instantly appear, owing to the formation of 
the insoluble chloride of silver. 

AgO,NOj+NaO,a=NaO,NO.-tAgCl. 
Hence nitrate of diver is an excellent test for hydro- 
chloric acid. 
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4. The chlorides may, for the most part, he decomposed 
by hydrogen at a red heat, hydrochloric acid being formed, 
and the metal reduced. The noble metaU may be reduced 
from their chlorides by heat alone. 

The chlorides may likewise be decomposed by the action 
of a strong acid, as the sulphuric, (see the mode of obtain- 
ing hydrochloric acid, Cha^. ivi. § 14,) or by a metal 
which has a greater affinity for chlorine than the one with 
which that element is already in combinationr : thus chlo- 
ride of silver is decomposed by zinc, &c. 

5. Chloride of Sodium, common salt, NaCl. — ^This sub- 
stance is found, partly in the solid form, as rock-salt, and 
partly dissolved in the waters of saline springs, but most 
abundantly in sea itfater. 

Sea water contains on an average about 2|- per cent, of 
salt. Its nauseous, bitter taste arises from the salts of 
magnesia which exist in it. 

6. Immense quantities of salt are obtained by evaporating 
the waters of the ocean, or of brine springs, either by ex- 
posure to the sun and air, or more generally, by artificial 
heat. 

The salt separates in crystals, while the impurities re- 
main in the small portion of liquid which is not evaporated, 
(mother-water), 

7. Rock-salt is found in beds of great thickness, in 
Cheshire, Gloucestershire, Staflfordshire, Spain, Poland, 
and many other parts of the world. To purify it for gene- 
ral use, it is dissplved in water, and the solution evaporated 
and crystallized, as already described. 

8. Chloride of sodium is colorless, inodorous, transpa- 
rent, ^nd brittle; its specific gravity is about 2.125; it 
crystallizes in anhydrous cubes, which are deliquescent in 

' moist air.* Contrary to the general rule, salt b just aa 

* 'When perfectly purey chloride of sodium is unaltered by exposure 
to the air ; but it is generally more or less deliquescent, from contain- 
ing chlorides of magnesium and calcium. 
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soluble in cold as in boiling water ; in fact, water at 32^ 
dissolveB rather more than water at 60®. It is insoluble 
in alcohol. Chloride of sodium fuses at a red heat, without 
decomposition, and at a still higher temperature it is sub- 
limed. 

Ex. e. — Mix together equal parts of snow and salt. The two wiU 
unite and form a liquid — colder than either of the two before mixing. 
A still greater degree of cold would be produced by using chloride of 
potassium instead of salt. 

9. Salt exists in small quantities in many plants, and is 
hence sometimes useful as a manure. It also exists in 
animal bodies ' and in the blood, and forms an indispen- 
sable constituent of the food of man and of most animals. 

Salt is used for packing and preserving meat, as it 
retards or prevents putrefaction. It is also employed in 
the preparation of chlorine, hydrochloric acid, carbonate 
of soda, chloride of ammonium, and several other salts. 

10. Chloride of Potassitun, ECl, v^as formerly used in 
medicine : it is one of the constituents of sea water, and 
may be formed artificially, either by heating potassium in 
chlorine or in gaseous hydrochloric acid, or by dissolving 
potass (or its carbonate) in that acid. 

Chloride of potassium is the substance left in the retort 
when oxygen is prepared from chlorate of potass, Chap, iv. 
§ 6. It is also obtained in considerable quantities as a 
residue in several chemical manufactures, especially in that 
of the salt last mentioned. It is sometimes used in alum- 
making. 

11. When chlorine ^as is passed through a solution of 
potass (or its carbonate), a part of the potass is decom- 
posed ; its potassium combines with chlorine, forming 
chloride of potassium, while its oxygen combines vrith 
another portion of the chlorine, forming chloric acid ; this 
unites vrith the undecomposed potass^ and forms chlorate 
of potassi 

The chlorate of potass may be readily separated by crys* 
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talHzatioti, while the chloride of potatoiam which remains 
in the mother liquor may be obtained pure by evaporation 
to drynesa and exposure to a dull red heat. 
6Cl-f6KO==KO,C105 + 5KCi. 
Ex. d. — Add 1 oz. of the powdered chloride of potassium to 4 oz. of 
waler ; stir them together, and a great degree of eold will he produced, 
is equal to about 25^ or 8 times aa great a reductiou as with common 
salt. 

1 2. Chloride of Ammonium, sal-ammoniac, NH4CI, was 
formerly obtained from Egypt, where it was prepared by 
the distillation or rather sublimation of camels' dang. 
Pliny says the ancients called it saUammoniacum^ because 
it was found near the temple of Jupiter Ammon, in Libya. 
It often occurs native in the neigbourhood of volcanoes, as 
in the Solfatara, near Naples, among the lava of Etna, and 
in the country of Bokhara. 

13. Chloride of ammonium is now prepared on a large 
scale, by saturating with hydrochloric acid the ammoniacal 
liquid produced in the manufacture of coal gas, or during 
the distillation of bones and other refuse, in the prepara- 
tion of animal diarcoal. The acid neutralizes the free 
alkali and decomposes the carbonate of ammonia and 
sulphide of ammouium, with evolution of carbonic acid and 
sulphuretted hydrogen in the form of gas. The solution 
is then evaporated to dryness, and the salt purified by 
sublimation. 

NH4O 1 fHO. 

NHACOj \ +3HC1=3NH,C1+ { COs+HO. 
NH4S J [HS. 

14. Chloride of ammonium is likewise largely prepared 
by decomposing sulphate of ammonia by common salt, 
thus — 

NHASO,+NaCl=NaO,SO,+NH4CL 

The sulphate of ammonia used in this process is ob- 
tained by adding sulphuric acid to the ammoniacal iiquid 
mentioned in § 7, and purifying the product. 
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*T5. Sal-ammoniac is a white salt, haying a sharp ealine 
taste ; it ia soluble in water, and crystallises in anhydrous 
cubes or octohedra ; it may be sublimed without decompo* 
sition, and when sublimed is tough, fibtroms, and difficult 
to be powdered. 

It is used in various processes of metallurgy,* as, for 
instance, in tinning, to prevent the oxidation of the sur- 
face of the copper ; it is also employed in dyeing and 
medicine, as well as in many other arts. 

Aqua reffia, which is used as a solvent for gold, is often 
formed by adding nitric acid to this salt, instead of by 
directly mixing the nitric and hydrochloric acids- 

Ex. e,— See Ex, rf., Chap, xxiv. 

16. Chloride of Calciton, CaCl, is found in sea-water, and 
in some saline springs and mineral waters. It is formed 
by heating hme in chlorine, or by dissolving carbonate of 
lime in hydrochloric acid. It is also a by-product in seve- 
ral chemical manufactures, as for instance in that of car- 
bonate of ammonia, which is made by subliming a mixture 
of sal-ammoniac and chalk ; Chap, xxvii., § 14. 

2NH4Cl+3CaO,C03=2NH40,3COi+2CaCl+CaO. 

1 7. Chloride of calcium has a strong attraction for water, 
being one of the most deliquescent salts known. Its taste 
is bitter and disagreeable. It is soluble in alcohol, and 
much heat is evolved during the solution. When fused it 
has phosphorescent properties, and has been termed Hom- 
berg's phosphorus, since he first observed them. Owing 
to its affinity for water, fused chloride of lime is largely 
used for drying gases. 

Ex, /. — Put half an ounce of chloride of calcium, with the same 
quantity of acetate of lead, or nitrate of soda, into a mortar — rub 
them together. These salts will part viith their water of crystallization, 
and become fluid. 

18. There is a substance commonly sold under the 
name of " chloride of lime," which is ^valuabk as a 

* MeiaUurj^^tlM art of working uetalk 
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bleaching powder and a dmnfectant. The name, '^ chlb- 
ride of Hme," is incorrect, as chlorine, a simple body, 
cannot combine with lime, which is a compound one. It 
may be more correctly regarded as a hypochlorite of lime, 
or rather as a mixture of chloride of calcium, hypochlorite 
of lime, and lime still uncombined. It is a white powder, 
somewhat soluble in water> and having an odor similar to 
that of chlorine. 

19. Hypochlorite of Lime is'formed by passing chlorine 
gas through a mixture of lime and water {lime white). The 
chlorine combines with both constituents of the lime, form- 
ing with the metal, chloride of calcium j and with the 
oxygen, hypochlorous acid. This acid combines with 
another portion of the lime, and forms hypochlorite of 
lime. 

2CaO + 2Cl=CaCl -f CaO,C10. 

20. The solution of so-called chloride of lime has in 
itself very slight bleaching properties, and these principally 
through the action of the carbonic acid of the air, which 
displaces the chlorine. The bleaching effect is instantly 
produced by a drop or two of one of the stronger acids, 
owing to their immediate combination with the lime and 
the liberation of chlorine. (See Chap, xvi. §§ 11, 12.) 

Ex, g, — Put a few drops of a solution of indigo into a clear solution 
of the chloride of lime, and add a very little hydrochloric or nitric 
acid; the color of the indigo will be immediately destroyed. The 
same may be tried with the solution of any other animal or vegetable 
coloring matter. 

Ex. A.— See Ex, *,, page 113. 

Ex, I. — Dip a strip of red calico alternately in a solution of hypo- 
chlorite of lime, and in some slightly acid water. Chlorine will be 
set free in the fibres of the cloth, and the color will be very speedily 
discharged. 

Stains from port wine,fruit juice, ink,&c. may be readily removed from 
linen or cotton in this way, without injuring the Tnaterial, if dilute 
solutions only be used, and sufficient time be allowed. 

21. Chloride of Barium, BaCl, is a greyish white salt, 
soluble in water, but insoluble in alcohol. It is much used 
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as a test for sulphuric acid, ^ith which it forms an inso- 
luble white precipitate of sulphate of baryta. It may be 
obtained in an anhydrous state, by dissolving native 
carbonate of baryta in hydrochloric acid, evaporatiug 
the solution to dryness, and fusing the residue in a covered 
platinum crucible. If the solution be only partially evapo- 
rated, and left to cool, colorless, transparent crystals will 
be deposited, containing two equivalents of water, BaCl+ 
2H0. 

22. Chloride of Magnesium, MgCl, is the principal in- 
gredient in the liquid which remains after the crystalliza- 
tion of common salt from sea-water. It is extremely 
deliqujescent, very soluble in water and alcohol, and has a 
nauseous, bitter taste. It cannot be obtained by evaporat- 
ing its aqueous solution to dryness, for the last portions 
of water are decomposed by the concurrent attraction of 
chlorine for hydrogen and of magnesium for oxygen, so 
that hydrochloric acid is given off and magnesia alone 
remains. 

MgCH-HO=MgO + HCl. 

If, however, equal parts of hydrochloric acid be neutralized, one 
with magnesia and the other with ammonia, and the hydrated chloride 
of magnesium and chloride of ammonium so formed be evaporated to 
dryness, and raised to a red heat, the water is driven off, the chloride 
of ammonium sublimes, and chloride of magnesium remains in a fused 
state. 

23. Chloride of Zinc, ZnCl, is readily prepared by dis- 
solving the metal in hydrochloric acid. It is deliquescent 
and soluble both in water and alcohol. Its aqueous solu- 
tion, known as Sir W. Burnet's disinfecting solution, is much 
used as an antiseptic and a disinfectant, since it arrests the 
decay ' of organic matter, and decomposes sulphuretted 
hydrogen and sulphide of ammonium. 

24. Frotochloride of Tin, SnCl, formerly called butter 
of tin, is a grey, semi-transparent, crystalline substance. It 
is used as a test for mercury and gold, these metals being 
precipitated by it in a state of minute division. 
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PercMoride of Tin, SnCl^, the fuming liquor of Libavius, 
is a transparent, colorless liquid, prepared by heating bi- 
chloride of mercary and powdered tin in a retort, and con- 
densing the vapors that arise. A soiation of this stibstance 
is much used in dyeing as a mordant, for fixing colors on 
cloth, &c. 

JEx. k. — Place a slip of clean zinc in a solution of perchloride of tin, 
decomposition ensues, the chlorine unites with tlK zinc, fonning 
chloride of zinc, while metallic tin is precipitated. 

25. Chloride of Copper, CuCl, is formed by dissolving 
the protoxide of copper in hydrochloric acid. It forms 
green crystals, soluble in water and alcohol ; the alcoholic 
solution burning with a greet! flame. When heated, it parts 
with half its chlorine, and becomes — 

Bichloride of Copper, CusCl, a white substance, but 
slightly soluble in water, and prone to oxidize in moist air, 
becoming changed into a green powder {Brunswick green), 
very much used by house-painters for common out-door 
work. 

No green color is so cheap as this, and it is the one most commonly 
employed. It is a good color when first laid on, hut after a time, 
it becomes partly changed into oxide of copper, and assumes a hlackish- 
green tint, especially if it be in the winter season. 

Eix. L — Write on a sheet of paper with a solution of chloride of 
copper (using a quill pen), nothing will be seen while the paper in 
damp, but if heated, the writing will appear yellow. 

Chloride of Cobalt, CoCl, used in the same way, will produce a fine 
tblue, though pale pink while moist : similarly, 

Acetate of cobalt yields a fine green. 

26. Snbchloride of MeroiiJ^, Calomel, Egfil. This 
valuable salt may be obtained in several ways'^-*- 

1. By heating the metal in chlorine gas, the insc^ublt 

portion of the residue is the sub-chloride. 

2. By adding an equivalent of chloride of sodiam to 

an equivalent of the sub^ or j^ro^o-nltrate of 
mercury. 

Hg/),NO,-fNaCl«NaO,I*0,+flgiCl. 
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3. By dissolving protoxide or grey oxide of Mercury 

in hydrochloric acid. 

Hg,0+HCl=H0+Hg8Cl. 

4. By tritarating together, mercury, j^^'snlphate of 

mercury, and common salt (in the proportion of 
one equivalent of each), and subliming the mix- 
ture. Subchloride of mercury is vaporized and 
condensed, while sulphate of soda remains. 

Hg+HgO,SO,+NaCl=NaO,S054.Hg,Cl. 

The /itfrsulphate of mercury is obtained by boiling metallic mercury 
in sulphuric acid and evaporating to dryness. 

If ^o/osulphate of mercury, HgsO,SOs, could be obtained as 
readily as the /persulphate, it would be employed instead of it, and the 
metallic mercury might be dispensed with, in the above process. The 
mechanical mixture, however, of the persulphate and mercury, is 
equivalent, in result, to the actual /Tro/osulphate. 

27. Ferchloride of Mercury, Corrome sublimate, HgCl, 
is also to be obtained in several ways — 

1 . The soluble portion of the mass formed by heating 

mercury in chlorine is the perchloride. 

2. When ^^oxide or red oxide of mercury, HgO, is 

dissolved in hydrochloric acid, the results are 
water and perchloride of mercury, which may he 
crystallized, on evaporation. 

HgO-|-HCl=HO + HgCl. 

3. By subliming a mixture of jparsulphate of mercury 

and common salt. 

HgO,S03+NaCl=NaO,SO,+HgCL 
Refer to Clu^. xxv. §§ 6, 7, 8. 

28. Pure cdkmel is a white, heavy, insoluble, tasteless 
powder, which is volatilized by heat, subliming into a 
yellowish white, crystalline mass. Potass, soda, and Hme- 
water decompose it^ grey suboxide of mercury, HgsO, being 
separated. Calomel is much used in medicine as a purg- 
ative, but must be administered with care. 
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29. Corrosive tublimate is a white, semitransparent, 
crystalline substance, soluble in water, of a nauseous, acrid 
taste, and highly poisonous. Potass, soda, or lime-water, 
added to a solution of corrosive sublimate, throws down a 
precipitate of finely-divided oxide of mercury, HgO. 

Corrosive sublimate is a powerful aniiseptie, and is much 
used for preserving timber, &c. from decay {Kyanizing 
process). 

30. Chloride of Silver, AgCl, may be formed by add- 
ing any soluble chloride, as common salt, to any soluble 
salt of silver, except the hyposulphite, when a white, curdy 
precipitate falls, which is quite insoluble in water, but 
readily dissolved by ammonia, cyanide of potassium, or 
hyposulphite of soda, &c. 

Chloride of silver is decomposed, and becomes black on 
exposure to light, very slowly if pure, but more quickly ii 
organic substances be present. When carefully heated, it 
melts, and forms, on cooliug, a grey, horn-like mass. In 
this state, it is frequently found native, and is termed 
hoTf^siker, 



EXERCISES ON CHAPTER XXXI. 



1. How are the chlorides formed ? 

2. How are the metals affected by chlorine ? 

3. How are the metallic chlorides acted on by water ? Illustrate 

the formation of an insoluble chloride. 

4. How may the chlorides be decomposed ? 

5. Where is chloride of sodium found ? 

6. How is common salt obtained ? 

7. Whence is rock-salt obtained, and how is it purified ? 

8. State the properties of chloride of sodium. 
' 9. Name some of the uses of common salt. 

10. Whence is chloride of potassium obtained } 

11. Describe the reaction of chlorine on a solution of potass. 

12. >^liat is sal-ammoniac 7 Whence does it derive its name ? • Where 

is it found native ? 
13.' How is chloride of ammonium generally prepared ? 
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14. Shew the reaction of common salt on sulphate of ammonium ? 

15. What are the chief characteristics and uses of chloride of ammo- 

nium? 
J 6. What is chloride of calcium ? 

17. State the nature and uses of chloride of calcium. 

1 8. What is common bleaching powder ? 

19. How is hypochlorite of lime prepared ? 

20. Whence does hypochlorite of iime derive its bleaching proper- 

ties ? 

21. State the composition and uses of chloride of barium. 

22. What is chloride of magnesium ? 

23. What are the uses of chloride of zinc ? 

24. Describe the chlorides of tin. 

25. Describe the chlorides of copper. 

26. How may snbchloride ©f mercury be formed ? 

27. How may corrosive sublimate be prepared ? 

28. State the properties and uses of calomel. 

29. What are the uses i^nd properties of corrosive sublimate? 

30. Describe the nature and properties of chloride of silver. 



CHAPTER XXXII. 

HALOID SALTS— continued. 

IODIDES, BBOMIDESy 8T7LFHIDE8, ETC. 

1. The Iodides and Bromides have many properties in 
common with the chlorides, and may, for the most, be ob- 
tained in a similar manner — either by the direct action of 
the combining elements, as when a metal is burned in the 
vapor of iodine or bromine, — or by the action of hydro- 
chloric or hydrobiomic acid, on a metal or metallic salt ; 
thus : — 

M + HI=H+MI or MO+HI==HO+MI. 
M4-HBr=H -h MBr or MO + HBr=HO + MBr. 
Ex. a. — See Chap. xix. Ex. f. 

2. Iodide of Potassium, KL — ^When iodine is added to 
ft strong solution of caustic potass, a mixture of iodate of 

B 2 
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potass and iodide of potassium is formed as iu tlie analo- 
gous case of chlorine, (a) (Chap, xxxi. § 11); on evaporat- 
ing the solution to dryness, and cautiously raising it to a 
red heat, the iodate of potass parts with its oxygen, and is 
entirely charged into iodide of potassium {b). Six equiv- 
alents, each, of iodine and potass, yield six equLvalentfi, 
each, of oxygen and iodide of potassiuni : thus — > 

(a) 6l + 6KO=KO,I06, + 5KI 

(b) KO,l65,= KI + 60 



i.e. 6I+6KO= 6KI+60 

S. If, instead of fusing the product of the evaporated 
solution (a), alcohol he poured upon it, the ioclide of potas- 
sium will he dissolved, and a salt insoluhle in alcohol will 
remain, which is the Iodate 'of Fotass> EO,IOg, analogous 
to chlorate of potass. 

Ex. b. — Perform cautiously Ex. c. and d.f Chap, xxx., using the iodate 
instead of the chlorate of potass. 

4. Another, and perhaps hetter mode of ohtaining iodide 
of potassium, is hy decomposing the iodide of zinc (or iron) 
hy carhonate of potass. 

The iodide of zinc (or iron) is made hy gently heating 
together iodine, water, and scraps of zinc (or iron). The 
resulting iodide is filtered, and exactly decomposed by car- 
bonate of potass, carhonate of zinc (or iron) is precipitated, 
and iodide of potassium remains in solution. The latter 
is separated by filtration, and then evaporated, and crys- 
tallized. 

ZnI+KO,C03=ZnO,COa+KI. 

5. Iodide of potassium is important as a medicinal com- 
pound (see page 118). It crystallizes in anhydrous non- 
deliquescent cubes, which fuse readily when heated, and 
are very soluble in water. Most of the metallic iodides 
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may be obtained by adding iodide of potassium to the 
soluble salts of the metals. 

Ex. e. — Put a little starch paste into water, add a few drops of 
iodide of potassium, no effect will be produced, for the iodine being 
already in combination, cannot unite with the starch. Add a little 
dilute acid or chlorine water, the iodine will be at once set free, and 
combining with the starch> form its characteristic blue iodide. (Chap. 
xvi. § 22, JEar o.) 

Ejp. d, — Fill a series of test glasses with the following solutions in 
distilled water, add to each a few drops of iodide of potassium, and 
note the colors of the iodides produced. 

Sulphate of Copper gives Iodide of Copper hrotim. 
Acetate of Lead „ „ „ Lead yellow. 

Nitrate of Bismuth „ „ „ Bismuth orange, 

„ „ Silver „ „ „ Silver primrose. 

Sub-nitrate of Mercury „ Sub-iodide „ Mercury yellow. 
Perchloride of „ „ Per-iodide „ „ scarlet 

6. Sub-Iodide of Mercury, HgJ, is formed by adding 
iodide of potassium to the subnitrate of mercury ; it appears 
as a dirty, greenish yellow, insoluble precipitate. 

Fer-Iodide of Mercury, Hgl, is formed by adding iodide 
of potassium to a solution of corrosive sublimate, a yellow 
precipitate falls, changing immediately to a most beautiful 
scarlet. On a further addition of iodide of potassium, the 
precipitate is dissolved, and the liquid becomes clear. The 
scarlet jprecipitate, when dried, has been used as a water 
color {geranium red), but, unfortunately, it is not perma- , 
nent. 

7. The per-iodide of mercury affords another illustration 
of dimorphism, {Chap. xxvi. § 28), attended with change of 
color; for when the scarlet precipitate is heated it sublimes, 
yielding a quantity of minute, brilliant, yellow crystals. 
On touching this yellow incrustation with a hard substance, 
as the point of a needle, it instantly becomes red at the 
point of contact, and the color gradually spreads through 
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the whole maas, till every particle has regained its original 
scarlet. 

8. Teriodide of Phosphorus, PI3. See Chap. iii. Ex. d. 

9. Teriodide of Wtrogen, NI3. See Chap, xvi. § 24. 

10. Bromide of Potassium, KBr, is a ^hite, fusible, 
and very soluble salt, similar in appearance and general 
properties to iodide of potassium, and prepared in a similar 
manner. It is only used in photography. 

Ex. tf.— Perform Ex. c, using the bromide instead of the iodide of 
potassium, a paie orange bromide of starch will be produced, . 

11. Fluoride of Calcium, fluor-spar, CaF.— The com- 
binations of fluorine with the other elements are very few, 
and those few but little understood. The most important 
is the beautiful mineral termed /wor-«piir, which is found 
in many parts of Derbyshire, crystallized in regular cubes 
or octohedra, of a white, green, rose, or purple color. It 
fuses at a red heat, and is sometimes used as a flux for 
metallic ores, hence its name ^^fluor spar." 

Hydrofluoric acid is obtained from it by the action of 
sulphuric acid, as shewn. Chap, xvi. § 27. 

CaF -h HO,S03=CaO,S03 + HF. 

1 2. The metallic sulphurets or at^lphtdes, MS, may be 
prepared by rubbing or melting together sulphur and a 
metal. Chap. iii. Ux.e: Chap,x\x. £x.e: — by adding sul- 
phuretted hydrogen or ter-sulphide of ammonium to a 
mjetallic oxide or salt. Chap. xiv. Ex. 0, jp, q ; — by heating 
metallic sulphates with charcoal or carbonaceous matter, to 
remove the oxygen of the salt. Chap, xxviii. § 5. 

13. Some of the metallic sulphurets undergo no change 
when heated in close vessels, as the sulphurets of potas- 
sium and sodium ; others sublime unaltered, as the sul- 
phurets of arsenic and mercury, CA^t^. xxiv. § 18; Chaf. 
XXV. § 9 ; — others lose a portion of their sulphur, and if 
air have access, give off sulphurous acid, the metal passing 
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into the 'state of oxide {roasting), as the sulphurets of 
copper and lead, Chof, xxiii. §§4, 15 3 — others are com- 
pletely reduced to the metallic state, as the sulphurets of 
gold and platinum. 

14. The metallic sulphurets are, for the most part, 
opaque, brittle solids. They are all insoluble in water, 
except those of the metallic bases of the alkalies and 
alkahne earths. 

15. Several of the metallic sulphurets occur abundantly 
in nature ; the most common are, the sulphurets of iron, 
lead, antimony, copper, zinc, arsenic, mercury, and silver. 
These, with the exception of the first, have been noticed 
in the accounts of the several metals. 

16. The sulphuret of zinc is white; that of arsenic, 
yellow ; that of antimony, orange. The rest of the inso- 
luble sulphurets are black. 

17. Protosulphnret of FotajisiTmi, KS, is formed by 
heating potassium with sulphur. Chap, xix. Ex, e, or by 
heating sulphate of potass with charcoal. There are three 
other sulphurets of potassium, viz., the Bisulphuret, KSs; 
the TersnlphTiret, KS3; and the Pentasulphnret, KS5. An 
impure variety of the latter was formerly called ' liver of 
sulphur, i^om its color. If an acid be added to a solution 
of it, sulphur will be precipitated in a state of the finest 
division, giving the liquid the appearance of milk {milk of 
sulphur). 

18. Frotosnlphnret of Sodium, NaS, is formed in a 
similar manner to the preceding 5 see also Chap, xxvii. 
§ 10. It is interesting, as forming one of the ingredients 
in the mineral termed lapia-lazuli, from which ultramarine 
is prepared. 

'' Artificial ultramarine is obtained by heating sulphuret 
sodium with silica, aluminum, and iron." 
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There are sevend other unimportant sulphnrets of 
aodium. 

19. Several aulphurets of ammonium may be 'obtained 
by distilling the sulphurets of potassium or sodium with 
chloride of ammonium. 

When two volumes of ammoniacal gas are mixed with 
one volume of sulphuretted hydrogen, and condensed by- 
cold, a neutral Snlphnret of Ammonitun, NH4S, is ob- 
tained in extremely volatile deliquescent crystals. 

20. Sulphide of Ammonium, or as it is frequently 
called, Hydrosnlphate, or Hydrosnlphnret of Ammonia, 
NH4S + HS, is a doitble sulphuret of ammonium and hydrogeUj 
formed by passing a current of sulphuretted hydrogen gas 

through liquid ammonia, 
till the latter is saturated 
with the gas, which may be 
known by the solution ceas- 
ing to give a precipitate with 
sulphate of magnesia. The 
sulphide of ammonium so 
prepared is at first nearly 
colorless, but as it gradually 
absorbs oxygen from the 
air, it becomes yellow after 
a time, from the presence of excess of sulphur, which may 
be precipitated by the addition of an acid. 

The sulphide of ammonium is a useful test, as it pre- 
cipitates many metals from their solutions. 

21. There are several of the double sulphur^ts which 
have been termed sulphur-salts, for one of the sulphurets 
seems to act the part of an acid (sulphur-acid), as sulphuret- 
ted hydrogen, sulphuret of carbon, of arsenic, of antimony, 
&c., while the other acts the part of a base {sulphur-base), 
as the proto-sulphuret of ammonium, and the proto-sul- 
phurets of the metals of the alkalies and alkaline earths. 




Fig. 77. 
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The snlphuret or sulphide of ammonium might thus be 
called a sulphur-salt, the sulphur-base, neutral sulphuret of 
ammonium, being combined with the sulphar-acid, sul- 
phuretted hydrogen. 

22. ProtOHsnilphuret of Iron, Magnetic pyrites, FeS, is 
a blackish, brittle subtance, attracted feebly by the magnet, 
formed by heating iron filings and sulphur together in a 
crucible. It is found native in Cornwall, Wales, Norway, 
the Harz mountains, and in North America. 

E». /. — Heat a rod of iron to whiteness, then rub it witli^ a stick of 
roll sulphur, avoiding the fumes, and allowing the drops to fall into 
water. The black substance found at the bottom will be the proto- 
Bulphuret of iron. 

23. Biflulphuret of Iron, Iron pyrites, FeSg, is a sub- 
stance of a brass-yellow color, which occurs abundantly in 
every part of the world, and in different forms, derived 
from the cube. It is often found in nodules, which when 
broken have a radiated appearance ; they are sometimes, 
though wrongly, supposed to be of meteoric origin, and 
have therefore been called thunderbolts. 

The principal use of iron-pyrites is in the manufacture 
of sulphate of iron. Chap, xxviii. § 22. 

24. Bisulphuret of Gax bon, CSj, is a transparent, color- 
less liquid, with a most disagreeable odor ; it is exceed- 
ingly volatile, and produces by its evaporation an intense 
degree of cold. It boils at 1 lO^F. 

It burns with a blue flame, the products of combustion 
being carbonic acid and sulphurous acid gas. It freely 
dissolves sulphur and phosphorus, and the solution often 
deposits these substances in beautiful crystals, by spon- 
taneous evaporation. 

Ex, ^.— Half fill a phial with water or with sulphuric acid, and sur- 
round it with a rag moistened with bisulphuret of carbon. The liquid 
will speedily be frozen. 

Ex, A.^Dip a piece of paper in a solution of phosphorus in bisul- 
phuret of carbon, and allow the moisture to evaporate, the phosphorus, 
being left in a state of minute division, will immediately iuOame. 



;:50 CDBMISTBT. 



u 




5. Phofli^iiret of Caloinm, CaP, is a brown componnd 
formed by passing the yapor of 
phosphorus over pieces of lime 
heated to redness in a porcelain 
tube. 

Ex, u — When pat into water, this 
substance, if fresh made, gives off sponta^ 
neously-inflammable pbosphuretted hy- 
drogen. See Chap, xv. § 14, and Ex, m. 

Fig. 7& 

EXERCISES ON CHAPTER XXXII, 

1 . What are the general properties of the iodides and bromides, 

and how may they be obtained ? 

2. How is iodide of potassium prepared from iodine and potass ? 

3. How is iodate of potass obtained ? 

4. How are the iodides of zinc and iron prepared, and how are 

they acted on by carbonate of potass ? 

5. What are the properties and uses of iodide of potassium ? 

6. Describe the iodides of mercury. 

7. What is dimorphism, and how does per-iodide of mercury illus* 

trate it ? 

8. How is ter-iodide of phosphorus prepared ? 

9. Describe the preparation and properties of ter-iodide of azote. 

10. What is bromide of potassium ^ 

1 1. Describe the fluoride of calcium. 

12. How may the metallic sulphnrets be prepared ? 

13. How are the metallic sulphurets affected by heat ? 

14. Which are the soluble, and which the insoluble sulphurets 

15. Name the chief native sulphurets. 

16. State the characteristic colors of some of the sulphurets. 

17. Describe the sulphurets of potassium. 

18. Of what use is sulphuret of sodium ? 

19. How are the sulphurets of ammonium obtained } 

20. Describe the preparation, properties, and uses of the common 

sulphide of ammonium (hydrosulphuret of ammonia). 

21. Explain the constitution of sulphur-salts. * 

22. What is the proto-sulphuret of iron ? 

23. What is iron-pyrites, and for what is it used ? 

24. What are the properties of bisulphuret of carbon ? 

25. What is phosphuret of calcium ? 
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CHAPTER XXXIII. 
ORGANIC COMPOUNDS. 

1 . Organic chemical compounds are componuds directly 
or indirectly derivable from organized bodies. Tbey cau- 
uot, except in very rare instances, be formed by bringing 
their elements together, *' but must either be derived 
ready-made from plants and animals, or must be prepared 
from such ready-made substanceSy which form* so to speak, 
the raw material." 

Thni, sugar may be shewn to consist of carbon and water, Ch^, iii. 
Stt, n. ; yet we cannot unite carbon, oxygen, and hydrogen, so as to 
form sugar. Again, alcohol and vinegar contain the same three ele- 
ments, but can only be obtained from sugar, as the raw material, by 
fermentation or chemical action. 

2. The prevailing elements in organic compounds are 
carbon, oxygen, hydrogen, nitrogen, sulphur, and phos- 
phorus. 

Some organic bodies consist of only two elements, — 
carbon and oxygen ; a great many are found to contain 
three, — carbon, (^xygen, and hydrogen ; not a few contain 
four, — carbon, hydrogen, oxygen, and nitrogen ; very few 
contain five or six, though almost every element mat/ occur 
in some organic compound or other. ^ 

3. Organic compounds consisting only of carbon, oxygen, 
and hydrogen {non-nitrogenoue compounds)^ are easily distin- 
guished from those which in addition, contain nitrogen, 
or nitrogen with sulphur or phosphorus {nitrogenous com-- 
pounds), by burning them. The latter class will evolve an 
offensive odor like burnt feathers, or if heated with lime, 
will give off ammonia. . 
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4. Of^nic compounds may be classed as acids, bases ^ 
and indifferent or neutral substances. The organic acids 
are chiefly contained in fruits, or in th6 «ap of plants. 

They are usually prepared by saturating the juices 
containing them with lime, evaporating the solution of 
the lime-salt to dryness, and afterwards decomposing it by 
sulphuric acid, which removes the base and liberates the 
organic acid, which can be separated either by filtering or 
by evaporation. 

5. Acetic acid, C4H3O3+HO, is readily formed by the 
fermentation of many animal and vegetable juices, when 
exposed to the action of the air at a moderate temperature. 
It is also a product of the distillation of vegetable matter, 
especially wood, in close vessels (wood vinegar or pyrolig- 
neons acid,) 

Ordinary vinegar is dilute acetic acid ; it cannot be con- 
centrated by evaporation, for the acid is volatile as well as 
the water. 

"The strongest acetic acid is obtained by distilling 
anhydrous acetate of soda vnth three times its weight of 
concentrated sulphuric acid." 

NaO,C4HA+ HO,S03=NaO,SOi+ {C.Efi + HO.) 

Acetic acid contains an equivalent of bctsic water, which 
can be replaced by metallic oxides ; anhydrous acetic acid 
is unknown in a separate state. 

6. Acetate of Lead, sugar of lead, PbO,C4H303, is pre- . 
pared by dissolving litharge, protoxide of lead, in strong 
vinegar, or else by exposing plates of lead to the vapor of 
vinegar, and dissolving the carbonate of lead so formed, 
(Chap, xxvii. § 27) in acetic acid. The acetate of lead 
of commerce is a white, crystalline substance, of a 
sweetish taste, somewhat resembling loaf sugar, whence the 
name sugar of lead. It is much used in calico-printing 
and dyeing ; also by the painter, on account of its pro- 
moting the drying of oil colors by absorbing the greasy 
particles of the oil. 
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It is a violent poison, but is used medicinally, as an 
external lotion for the eyes, &c. (Goulard's water,) 

7. Acetate of Copper, crystalUted verdigris, CuO,C4H308. 
— When sheets of copper are exposed to the action of acetic 
acid a subacetate of copper, 2CaO,C4H303, is formed, 
known in commerce as common verdigris ; if this be dis- 
solved in hot acetic acid and allowed to crystallize slowly, 
it will deposit beautiful dark-green crystals of neutral 
acetate, used by painters under the name of distilled or 
crystallized verdigris, 

8. Oxalic acid, CsO^HO 2H0, is found in the stems 
of rhubarb, in the sap of common and wood sorrel, and 
in some fruits, combined with potass or lime. It is 
prepared artificially in large quantities by the action of 
nit^c acid on sugar, starch, and dextrine (Chap, iii. Ex, g.). 
The crystallized acid has very much the appearance of 
Epsom salts ; it is 

very soluble, the so- 
lution being intensely 
sour, and highly poi- 
sonous ; the proper 
antidote is chalk or 




magnesia. 

When heated with 
sulphuric acid, oxalic 
acid is decomposed 
into carbonic acid and 
carbonic oxide, see Fig* 79. 

Chap. xi. §§ 19. 20- 

9. Oxalate of Ammonia, NH40,C20„ is prepared by 
neutralizing a hot solution of oxalic acid by carbonate of 
ammonia. It is used in chemical analysis to precipitate 
lime from its solutions, which it does in the form of a 
white powder, Oxalate of Lime, CaO,Cj03- 

10. Oxalic acid forms with peroxide of iron a very 
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soluble Oxalate of Iron, FsOs^CA* "o that either the 
acid itself, or the Binoxalate of potass (salt of Bwrret), 
KO,2C3Ha, is used for removing ink-stains (tanno-gallate 
of iron), or iron-mould (per-oxide of iron), from linen, &c., 
for a soluble oxalate of iron is formed which can be 
easily washed away. 

Ex, a. — Oxalic acid is the only acid which will decompose sulphate 
of lime. Add some solution of oxalic acid, or oxalate of ammonia, to 
lime-water, or any salt of lime, oxalate of lime will be precipitated as 
a white powder. 

11. Tartaric Acid, C8H40io4-2HO, is a libasic acid, 
found in a free state in the juice of unripe grapes, and as 
an acid tartrate of potass in tamarinds, pine-apples, ripe 
grapes, and other fruits. When pure, it is colorless, in- 
odorous, and very sour to the taste. 

12. If tartaric acid be boiled with nitric acid, it absorbs 
oxygen, and becomes converted into oxalic acid. 

If it be boiled with sulphuric acid, it loses oxygen, and 
is changed into acetic acid. 

When tartaric acid is heated to 400° F. with excess of 
caustic potass, EO,HO, acetate and oxalate of potass are 
formed, thus — 
C8H40,o+3(KO,HO)=(KO,C,H303)+2(KO,CA)+4HO. 

13. Tartaric acid is used by calico printers to evolve 
chlorine from solution of bleaching powder, and produce 
white patterns on a colored ground by diseluvrging the color 
in certain parts. See Cha^. xxxi. § 20. 

14. The most important compound of tartaric acid is 
the Acid- or Super-tartrate of Potass, KO,HO,C8H40io, 
which is deposited, in an impure st^te, from wine or grape 
juice in the act of fermenting, and forms an incrustation 
upon the bottoms and sides of the casks in which new 
wine is stored. When purified by boiling in water, (with 
pipeclay and animal charcoal to remove the coloring matter), 
and subsequent crystallization, it forms a white salt known 
as cream of tartar. 
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It is from this salt that tartaric acid is generally ob- 
tained, by converting it into tartrate of lime, and then re- 
moving the lime by sulphuric acid, as shewn in § 4. 

15. Tartrate of Potass and Soda, KO,NaO,C8H40,o. is 
made by neutralizing a hot solution of creaVn of tartar 
with carbonate of soda ; crystals are deposited on evapo- 
ration, having a saline taste, and used in medicine as a 
purgative under the name of Rochelle salt, 

16. Tartrate of Antimony and Potass, or tartar-emetic, 
KO.SbOj, C H4O10+2HO, is made by boUing oxide of an- 
timony with cream of tartar. It is a white salt, slightly 
ef9orescent, and much employed as an emetic. 

Br, b. — Half fill two test glasses with solution of tartar-emetic, add 
to one some dilute sulphuric or nitric acid, the potass will be sepa- 
rated, and a mixture of cream of tartar and oxide of antimony will be 
precipitated. 

Add to the other glass a solution of caustic potass or ammonia, 
oxide of antimony will be thrown down, soluble in excess of potass. 

17. Gallicacid, C-HaOj, and Tannicacid, CisHjOj-i-SHO. 
— These acids are closely connected with each other, and are 
largely diffused throughout the vegetable kingdom, but 
especially in the bark of the oak and in nut-galls : whence 
the name gallic acid. 

18. Tannic acid derives its name from its use in the 
process of tanning. When a piece of skin previously 
cleaned and soaked in lime-water is immersed in an in- 
fusion of oak-bark or nut-galls, it absorbs the whole of the 
tannic acid, and forms a compound insoluble in water, 
commonly known as leather. 

The gallic acid present in the infusion is left behind. 

19. By exposure to the air tannic acid absorbs oxygen, 
and becomes converted into gallicacid, carbonic acid being 
evolved. Thus — 

8 eq. Oxygen Og J ^ 4 eq. Garb, acid C4 Os. 

CisHgOa) CigHgOso 
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20. A Btrong infasion of nat galls is used as a test ia 
chemical analysis, especially for the salts of iron, with 
which a black or bluish black precipitate is formed, the 
basis of common writing ink. 

See Chap, xviii. Ez. d. 

Cloth or calico may be dyed of Tarious shades of black, grey, or 
violet, by immersing it, first, in peracetate or persulphate of iron, and 
afterwards in a decoction of madder and logwood. A tanno-gallate of 
iron is formed in this case also. 

21. As Ammonium, though a compound body, was 
ranked among the simple metals, because it acted like a 
metal in the various combinations it formed with other 
bodies, so there are certain organic compounds which 
resemble in character the simple salt-radicals, chlorine, 
iodine, &c., and combine with other elements just as if they 
were themselves elements. The most important of these 
compound salt-radicals is Cyanogen. 




22. 
C2N=26, may be 
obtained by heating 
cyanide of mercury 
in a tube, when a 
colorless, poisonous 
gas will be evolved, 
having an odor like 
bitter almonds, and 
soluble in water, so 
that it must be col- 
lected over mercury. 
It can be condensed 
into a colorless, 
transparent liquid. 
^^'^' Its density as 

compared with air is 1.806. 

The symbol Cy is often used instead of CjN. 
fJvnnogen is inflammable, and bums with a rose-colored 
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flame i the produots of combostiQn are carbonic acid aud 
nitrogen. 

This may be shewn by heating a litftle cyanide of meceury and in- 
flaming the gas, see fig. 81. 

23. Hydrocyanic or Fmsslc 
Acid, HCy, is a hydracid, con- 
sisting of hydrogen and cyan- 
ogen ; and paay be prepared by 
distilling cyanide of mercury 
with hydrochloric acid. 

HgCy -h HCl=HCy + HgCl. 

It is the most violent of 
known poisons. Even in very 
small quantities its vapor occa- 
sions faintness and head-ache. 
The most effectual antidote is Fig.w.. 

ammonia, and the application of cold water, as in a shower 
bath. 

Though used in itiedicine» it is in exceedingly small qnantfities. 

" The strongest solution of prassic acid used medicinally in Eng- 
land, only contains 3 per cent, of real acid, and of the acid, thus 
diluted, a single drop is a dose.'' 

The kernels of peaches and other stone fruits, and especially those 
of bitter almonds, as well as the leaves of the laurel, contain hydro- 
cyanic acid. Hence laurel-water, and oil of bitter almonds, are 
poisonous. 

24. When hydrocyanic acid is add^d to a metallic oxide, 
the resulting salt is a cyanide of the metal. Chap, xxvi, 
§ 6. Thus Cyanide of mereury, HgCy, may be formed 
by dissolving red oxide of mercury in hydrocyanic acid, 
evaporating and crystallizing. 

25. Cyanide of Potassiiun, KCy, or K,CsN, may be ob* 
tained by heating potassium in the vapor of cyanogen, or 
hydrocyanic acid } in the latter case with evolution of hy- 
drogen. 

Also, by passing pure nitrogen gas through a white hot 
porcelain tube containing carbonate of potass and charcoal, 
when carbonic oxide is given off, while cyanide of potas- 
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siam settles in the cooler portions of the tube as a white 
amorphaua powder. 

KO,CO,+ 4G -hN=8G0 + K,C,N. 

If nitroffmaus miistanees, such as horp-shaTingSi hide- 
parings, hoofs of animals^ &c.» be heated to redness with 
carbonate of potass in a close yessel, abundance of cy- 
anide of potassium will be formed,, arising from the mu- 
tual decomposition of the ammonia und the ialkaline car- 
bonate in the presence of charcoal. 

NH4O -h KO,CO,-f G=4H0 4- K,C,N. 

26. Cyanide of Potassium is now made in considerable 
quantities from the ferrocyanide, §.29, being much used 
in electxorplating and gilding, as a solvent for the predous 
metals, by forming Cyanide of Odd, AusCys, and Cyanide 
of Silver, AgCy. 

Silver Q^ution, — Add cyanide of potassinm to nitrate of silyer, 
cyanide of silver will be deposited. When this precipitate has been 
well washed, a farther solution of cyanide of potassium is added, 
which completely dissolves it ; forming a double cyanide of potassium 
and silver. 

AgOiNOfi+2Key=KO,N06+(KCy+AgCy.) 
Gold Solution* — Dissolve gold in aqua regia, Chap. xxv. § 26, and 
boil the resulting perchloride of gold with calcined magnesia to pre- 
cipitate the oxide, (a). Separate the oxide by filtration, boil it with 
nitric add' to remove any remaining magnesia, and after it has been 
well washed,, dissolve it in cyanide of potassium, (6). when a double 
cyanide of potassium and gold will be formed, 
(a). Au,Cl,+3MgO=5=3MgCl+Au,0,. 
(b). Au,08-|-4KCy=:3KO+(KCy+AusCy3.) 

27. Cyanogen forms three acid oxides with oxygen, 
which are Uomeric bodies, that is, they contain the same 

Sroportions of the same constituents, but are yet quite 
issimilar in their properties. They are 

Cyanic acid CyO or CjNO. mmobxuie. 
Fulminic „ CysOg „ C4NSO,. dibasic. 
Gyanuric „ GysOs „ GeNsOg. tribasic. 
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The distinct character of these acids may be seen^ by 
comparing^ their sUyer-salts. 

Cyanate of Silver AgO,CyO. 
Fulminate i, ,, 2AgO;Cy20s, 
Cyanaret „ „ SAgO^GysOi. 

28. Fnlminio acid has never been obtained in* a separate 
state. It derives its name from the fulminating, properties 
of its metallic salts. Fulminate of mercury, 2Hg,Cy]03, 
is manufactured on a large scale for the purpose of filling 
percussion caps ; it is sometimes mixed wit)i a little sul- 
phur and chlorate of potass, and the mixture when pressed 
into the cap is secured by a drop of varnish. 

Fulminate of i^ercury is dangerously explosive, and the 
fulminates of silver and gold still more so. They had,, 
therefore, better not be experimented with. 

29. When a solution of cyanide of potassium is 
gently heated with iron filings for some time in an open 
vessel, oxygen is absorbed, and the iron dissolved. On 

' evaporation, the yellow liquid obtained deposits beautiful 

lemon-colored crystals, tough and diflGicult to be powdered, 
and becoming anhydrous at a gentle heat. Thia salt is 
termed Ferrooyanide of Potassiuni, or prussiate of potass. 

i 2K,C,N3Fe+3HO, or more simply KjCfy+3H0. 

Ferrocyanide of potassium is made on a large scalfe by fusing refuse 

b animal matters with pearliuh. (impure carbonate of potass), and scraps 

n of old iron ; cyanide of potassium is formed as stated' in § 25. The 

e fused mass is afterwards heated in> water for some time,, and the iron 

' is dissolved, as shewn* above. 

30. The Ferroeyanides, 2M,FeCyf or 2M,Cfy, are con- 
sidered to be compounds of bases with a still more complex 
^ salt-radieal than cyanogen^ to which' the name Ferrocy- 
ft anogen, FeCyB or Cfy, has been given, as it contains three 
11 equivalents of cyanogen, and one of iron. It is bibasie, 
and has never yet been obtained in a separate state. Fer- 
rocyanide of potassium, KsQfy, therefore may be described 
as consisting of one equivalent of ferrocy anogen, FeCya or 
Cfy ; and two equivalents of potassium, 2E. 

8 2 
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31. Ferrocyanide of Potassiam forms a TalaablQ test for 
metals ; when mixed with most of the metallic salts in solu- 
tion, it throws down as a precipitate the ferrocyanide of 
each metal, and frequently with a characteristic color. 

When added to a salt of iron, it forms the well-known 
substance termed Prussian blue ; it is therefore much used 
by dyers, calico-printers, and color-makers. 

Ex. e, — Fill a series of glasses ^ith solutions of metallic salts, 
and add to each a few drops of a solution of ferrocyanide of potassium, 
ferrocyanidet of the respectiTe metab will be thrown down, thi»— 



Solutioru of 
Iron proto-salts« 

99 per-salts. 

Copper proto-salts. 

per-salts. 
pro to-chloride, 
nitrate. 



Majiganese 

Lead 

Silver 

Merciury 

Cobalt 

Tin 

Zinc 

Hickel 



chloride. 



sulphate. 



Color of precipUates. 

white or pale blue. 

dark blue. 

Klac. 

deep brown. 

reddish white. 

white. 

creams-color. 

white. 

pale green. 

pale yellow. 

white. 

gray. 



Ex, d, — Heat ferrocyanide of potassium with eight or ten times ita 
weight of strong sulphuric acid, pure carbonic oxide will be evoWed. 
The reaction is explained, Chap, xi. § 21. 

32. Ferridcyanide of Potaftainm, sometimes called red 
prussiate of potass, is a irihaaic salt, consisting of SKjFejCyB. 
It forms a bright blue, known as Turnbuirs blue, with 
proiosalts of iron, and gives na precipitate with per^alt^^ 
Ito radical, FcsCye or FesG^Ne, has been termed Femdr 
cyanogen, Cfdy. 

33. When anhydrous ferrocyanide of potassium, 2K,Fe 
Cy„ is fused with half its weight of sulphur, each equiva- 
lent of cyanogen combines with two equivalents of sulphur, 
giving rise to a new monobasic radical^ Snlphocyanogen, 
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CsNS, or C&j, frhich remains in union with the potassium 

and iron, forming sulphocyanides of those metals ; thus — 

2K,FeCy,+6S=2(K,CyS,)+(Fe,CyS2). 

34. A soluble sulphocyanide gives no precipitate with 
the persalts of iron, but causes their solutions to assume a 
blQod-red color ; hence sulphocyanide of potassium is some- 
times used as a test for ^^^oxide of iron. 

Bx. e. — Moisten a white plate with a little perchloride or persul- 
phate of iron, and let fall on it a drop or two of sulphocyanide of 
potassium, it will appear exactly like blood. 

EXERCISES ON CHAPTER XXXIII. 

1. What are organic chemical compounds ? 

2. What are the prevailing elements in organic compounds? 

3. What is meant by nitrogenout and wm-nitrogeMms compounds, 

and how may they be distinguished ? 

4. How are organic compounds divided ? How may organic adds 

be prepared ? 

5. Describe the nature and properties of acetic acid. 

6. Give an account of acetate of lead, and its uses. 

7. How is acetate of copper prepared ? 

B. State the nature and properties of oxalic acid. 
9. For what is oxalate of ammonia useful as a test ? 

10. Why is oxaKc acid used to remove ink ataina ? 

11. What is tartaric acid } 

12. How is tartaric acid acted on by nitric and sulphuric acids, and 

by caustic potass ? 

13. For what is tartaric add used ? 

14. What is cream of tartar^ and for what is it used ? 

15. yfJYidX vi Rochelle 8alt ? 

16. What is tartar-emetic? 

17. Where are gallic and tannic acids found ? 

' 18. Explain the principle of the process of tanningtkins, &c. 

19. How is tannic acid altered by exposure to the air. 

20. What is common writing-ink ? How are ordinary black dyes 

produced ? 

21. Why may cyanogen be classed with the elements? 
' 22. Describe the nature and properties of' cyanogen. 

. 23. How may hydrocyanic aci4 be obtained, and what is its most 
characteristic property ? 

24. Why should the compounds of hydrocyanic add- be classed 

among the haloid salts } 

25. How may tsyanide of potassiuni be procured ? 
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26. For what is cyanide of potassium prindpAlly used? . 

27. Give an account of the acid oxides of cyanogen. 

28. For what is fulminating mercury used ? 

29. What is ferrocyanide of potassium, and how is it prepared? 

30. What is the constitution of the ferrooyanides ? 

31. For what is ferrocyanide of potassium used ? 

32. What are the properties of ferridcyanide of potassium ? 

33. How is sUlphocyanogen ohtuned? 

34. For what is sulphocyanide of potasdum a test ? 



CHAPTER XXXIV. 

OBGAVic COMPOUNDS — contmued. 

1. Some of the most important organic bases in the 
Yegetahle kingdom are used in medicine, and from their 
power of combining with acids have been termed alkaloids 
or vegeto-alkalies. They are, Quinine, the active principle 
in Peruvian bark ; Morphine, the highly poisonous prin- 
ciple in opium and laudanum; Stryonnine, a powerful 
poison usually prepared from nux-vomica. There are also 
Theine, from tea j Hiootine, from tobacco ; and many 
others. 

2. Many of the neutral organic bodies are of great im- 
portance in the arts and medicine, and compose the prin- 
cipal part of the food of man and animals. They are, as 
already stated, Chap, zxxiii. § 3, divisible into nitrogenous 
and non-nitrogenous bodies. The former contain the most 
nutriniient ; the latter contribute little to the actual growth 
of animals, but are, as it were the fuel, by the combustion 
of which (that is its union with oxygen) the natural warmth 
of the body is maintained. 

3.* When more non-nitrogenous food is taken than is 
required for this purpose, it is converted into fat, which 
consists chiefly of carbon and hydrogen ; when too little 
18 taken, the body becomes lean, because the already exist- 
ing fat is absorbed to maintain the vital warmth. 
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Hence, animak that sl^ep through the winter, though 
fat at the commencement of their period of hybernation^ 
become very lean towards its close. 

For a like reason, the inhabitants of cold climates require 
a larger proportion of fat, oily, substances in their food, 
than those of more temperate regions. 

4. The chief nan-nitro^mous compounds guni, sugar, 
woody fibre or lignine, fats, oils, and resins. They all 
consist of charcofd and the elements of water. 

5. Starch, CMH^oOgo, is found abundantly in all plants, 
and is obtained, — from their seeds or fruit, as wheat-starch, 
or rice-starch ; — ^from their roots or underground stems, as 
potato-starch, tapioca, and arrow-root ; — from the pith of 
certain trees, as sago, &c. 

6. By the aiction of sulphuric acid, starch may be con- 
verted into a kind of gum, called dextrine, — or into sugar. 
Chap. iii. Ex. q. The latter change takes place during the 
first growth or sprouting of seeds ; hence malt, which is 
barley kept moist and warm till it begins to grow, has 
a sweet taste which the barley itself has not. 

7. Sugar is the name given to any sweet substance con- 
tained in plants or animals. Hence there are different 
varieties of sugar, the chief of which are : 

Cane or Ordinary Sugar, G84H33O33, produced from the 
sugar-cane, beet-root^ sugar-maple, &c. 

Grape Sugar, or the sugar of fruits, CssHssOss, prepared 

also fjrom honey and starch, 
mik Sugar, or sugar of milk, C24H34OS4, obtained by 

evaporating and crystallizing whey. 

Glycerine, or sugar of oil, CsHgOf, which differs from 
the preceding in not pelding alcohol by ferment- 
ation. 

8. Idgnine or woody fibre forms the structure of plants ; 
fine linen or cotton exhibits it in a nearly pure state. 

If linen rags« tow, sawdust, be exposed to the action of 
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ittlp^hnrio Mid* «s Was described und^r tbeiwcotmt df stRrch, 
§ 6, they will be converted into gum or sugaj', aocordiug 
to the nature of the process. 

9. When lignine, in the form of cotton, muslin, sawdust, 
&c., is soaked for about five minutes in a mixture of equal 
parts of strong nitric and sulphuric acid, and then taken 
out, well washed and cautiously dried, it will be found 
unaltered in appearance, but much changed in properties. 
It is now Gim-cottoil, or pyroxyline, C24H15O153NO5. 

Gun-cotton is highly explosive, detonating sharply when 
struck with a hammer on an anvil. It burns very rapidly, 
without smoke or residue. 

Ex. a, — Put some loose gun-cotton on the hand, or on a little 
gunpowder, and inflame it by touching with a heated wire. It will 
neither burn the hand nor ignite the powder, owing to> the rigidity of 
the combustion. 

10. Gun-cotton dissdlves in ether, forming a syrupy 
liquid, which on evaporating leaves behind a transparent, 
tenacious film. This substance, termed CoUodioxi, is largely 
employed in photography. 

If collodion be spread over a wonnd the sides of which are held 
together, it evaporates, leaving a tenaeious film, which serves the pur- 
poses of plaster, and is insoluble ia water. 

11. The chief nitrogenous substances are, albumen, 
iibrine, and caseine, which are found both in the vegetable 
and animal kingdoms. 

12. Albumen occurs nearly pure in the white of 
eggs J it is also largely found in the blood, the humors of 
the eye, the flesh of scnimals, and in oily seeds. It is 
soluble in water, and is coagulated into a white^ opaque 
mass by heat, by most acids, and by many metallic salts. 

Hence white of egg is given in cases of poisoning with salts of cop- 
per or mercury, or with arsenious acid. 

Ex. b. — The presence of an alkali (soda) in albumen may be shewn 
by dropping a little white of egg into an. infusion of vegetable blue, 
when the blue will be changed to green. 
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13. Fibrine is found eoluble in the living blood, but 
after death or separation from the body, it spontaneously 
coagulates in fibres, which are inAoluble in water. Fibrine 
occurs also in the lean flesh or muscular fibre, whence it 
has derived its name. 

14. If a little wheat flour be tied up in a piece of linen 
rag, and kneaded under a stream of water, so long as the 
latter flows off milky, a tough, adhesive elastic substance 
vrill be found in the cloth, which is pluien or vegetable 
fibrine. It is tasteless, and odorless ; hardens on drying, 
into a horn-like mass, and is 'identical in composition vnth 
the fibrine of the blood. 

"Hie milky color is given to tiie water by tbe aeparation of tbeetarch 
which is ilUfttsed through it, and settles slowly to the bottom of the 
vesseL 

15. Gaseine is the curd of milk, and derives its name 
f^om the Latin, casern, cheese, of which substance it is the 
chief constituent. 

It is found in most plants, but especially in peas, beans » 
and other seeds of a similar kind. 

It has the same composition as albumen and fibrine, but 
its solution differs from that of the former, in being coagu- 
lated by vinegar, and in not being coagulated by heat, and 
from that of the latter, in not coagulating spontaneously. 

16. Nitrogenous substances, when in a moist condition, 
putrefy, or decompose of their own accord ^ if added to 
bodies of the non-nitrogenous class while in this state of 
decomposition they produce a change also in them, — this 
change is t^xmedi fermentation. 

Pare sugar, dissolved in water* undergoes no ohange ; but if a little 
yeatt be added, and the mixture kept in a warm place, it will effervesce 
from the evolution of carbonic acid. The nig^ has been converted 
into carbonic acid and alcohol *, the latter substance may be separated ' 
from the watery part of the solution by distillation. 

17. ATcohol, or spirits of wine, CfHsOs, is produced by 
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the breaking <«ip of an equivalent of grape sugar into alco- 
hol, carbonic acid, and water ; thus— 

Cj4H»0»=4(C4HA) +8CO,+4HO. 

drape sugar. AleohaL 

. It is the grape sugar alone that yields alcohol, the fer- 
ment or yeast changing the cane sugar into that substance ; 
the same may be said of milk sugar. 

18. Pure Alcohol is a colorless liquid, spec. gray. 0.795. 
It is very inflammable, burning without smoke. From its 
great solvent powers it is much used by the chemist, the 
varnish-maker, and in many of the arts. 

19. All intoxicating liquors contain alcohol ; they are 
not confined to vegetable preparations, for the Tartars 
produce an intoxicating drink, termed koumiss^ from mares' 
milk, by the fermentation of the sugar of milk contained 
in it. • 

Ex. a, — ^For the sake of experiment alcohol may be extracted from 
any fermented liquor, such aa porteEk ale, cyder, wine, &c. It is 
only sufficient to put the liquid to be operated upon in a retort, and 
apply heat beneath. The spirit rises in steam, and this is condensed 
by cold. 

On a larger scale it is prepared by means of a still, as in fig. 82, 
on the opposite page, for a description of -which see Chap. vi. § 16. 

20. The fermentation whicli produces alcohol is termed 
vinous (wine-making) fermentation, — if allowed to go on, 
however, it passes into the acetous (vinegar-making) fer- 
mentation. 

The dlcohol, by exposure to the air, is ^^eAydrogenated 
—that is, deprived of hydrogen, becoming converted into 
water, and an intermediate substance termed Aldehyde, (a). 
This aldehyde rapidly absorbs two more equivalents of 
^oLj^tn, and is changed into acetic acid or Tinegar (6), 

(fl). C4HbO8+20=04HA+H0, 

AleohoL Aldehyde. 

(b). C4H40jrf20=(C4HsO3ff HO.) 

Aldehjrds. Aectie acid. , 
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21. When alcohol is diBtilled with Bulphuric acid a vola- 
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iile, fragrant liquid passes over Icnown as Ether, or ^- 
phurie ether, because dbtained by the action of sulpliuric 
acid. 

Sulphuric Ether, C4H5O, is not capiible df dissolying 
so many substances as alcohol ; still, however, it is often 
found useful in separating or extracting principles that are 
insoluble in alcohol or water, more especially in vegetable 
chemistry. It combines vnth ammonia, camphor, resins, 
Tolatile oils, sulphur, phosphorus, and chloride of gold, but 
has little or no action on the fixed alkalies, earths, common 
metallic oxides, and the greater number of the salts. 

22. Various compound ethers — such as h3rponitrouB 
ether, or sweet spirit of nitre, &c., may be formed by the 
action of acids on alcohol, or by distilling a mixture of 
alcohol, sulphuric acid, and a sidt containing the acid of 
the required ether. 
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23. When hypochlorite of lime {bleaching powder), al- 
cohol, and water, are distilled together, a product comes 
over with the first portions of water, termed Chloroform, 
CsHCls. It is a dense, limpid fluid, half as heavy again as 
water, and very volatile. Its vapor, when breathed, pro- 
duces temporary insensibility to pain; it is, therefore, 
often administered previous to the performance of surgical 
operations. 

24. It would not be advisable to enter more upon the 
chemistry of organic bodies ; the reactions that take place 
in the formation of ethers, &c. are somewiiat intricate, and 
hardly fall within the range of an elementary work. We 
will, therefore, conclude what we have to say on the matter, 
by quoting from a French chemist the foUovnng contrast 
of the actions of animal and vegtable life : — 

The Vegetable The Animal 
Is an apparatus of de-oxid- Is an apparatus of oxid- 
ation, ation, 
DiBEKGAOSs oxygen, Abbobbs oxygen, 
Pboduclbs the neutral nitro- Gonsumes the neutral nitro- 
genous bodies, sugar, genous bodies, sugar, 
starch, gum, fatty sub- starch, gum, fatty sub- 
stances, &c., stances, &c.. 
Decomposes carbonic acid, Pboduces carbonic acid, 
water, and ammoniacal water, and ammoniacal 
salts. salts. 

EXERCISES ON CHAPTER XXXIV. 

1. What are alkaloids ? Name tlia most important of them. 

2. How may organic bodies be classed ? What are their charac- 

teristics as articles of food ? 

3. What is the effect of an excess or deficiency of non-nHrogenous 

bodies in food ? 

4. Give the names and composition of the chief non-nitrogenous 

bodies. 

5. Whence is starch obtained ? 

6. Why has malt a sweet taste? 
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7. Give the names, eomposttion, and orig;in of the principal va- 

rieties of sugar. 

8. What is lignine? How may sugar be obtained from rags, 

sawdust, &c. ? 

9. What is gun-cotton ? 

10. What is collodion ? 

11. Name the chief neutral nitrogenous bodies. 

12. State the chief properties of albumen. 

13. Whence is animal fibrine obtained? 

14. How may vegetable fibrine be prepared ? 

15. What is caseine? 

16. What is meant by fermentation f Give an illustration of it. 

17. How is alcohol obtained ? 

18. What are the properties and uses of alcohol ? 

19. What preparations contain alcohol? 

20. How does wine become vinegar ? 

21. How is ether prepared, and what are its properties ? 

22. How may the compound ethers be procured ? 

23. How is chloroform obtained ? What are its properties ? 

24. Illustrate the opposing actions of animal and vegetable life. 



THE END, 



J. Billing. Printer and Stereotyper, Guildford, Surrey. 
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